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FOREWORD 
. 
This report presents the results of a s t u d y  
of "Large Space Structures Experiments for 
AAPlf conducted by the C o n v a i r division of 
General Dynamics for the M a r s h a  11 Space 
Flight C e n t e r, NASA. The study was per- 
formed during the interval 15 September 1966 
to 15 September 1967 at a 1 e v e 1 of approxi- 
mately $275,000 under contract number NAS 
8-18118. The final report is p u b l i s h e d  in 
five volumes: Volume IV Focusing X-ray Telescope 
Volume I Technical Summary 
Volume III Crossed H Interferometer f o r 
This volume contains the design details of 
the Crossed H Interferometer, which was 
one of the three concepts selected at mid- 
term for detailed analysis. 
This volume containsthe design details of 
the X-ray Telescope, which was one of the 
t h r e  e concepts selected at mid-term for This volume summarizes the r e s u 1 t s of 
the entire study. detailed analysis. 
Volume 11 Analysis and Evaluation of Space 
Structure Concepts Volume V 100-Foot Parabolic Antenna 
This volume presents the r e  s u 1 t s of the 
analysis of the 40 space structure concepts 
investigated du r i ng  the first h a  1 f of the 
study. for detailed analysis 
This volume contains the design details of 
the Parabolic Antenna, which was o n e of 
the t h r e e concepts selected at mid-term 
iii 
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SECTlON 1 
EARTH BASE0 RADIO 
TELESCOPES MORE EFFECTlVt 
INTRODUCTION 
CONVENTIONAL OPTICAL 
TELESCOPES (REFLECTING) 
1.1 GENERAL 
1. I. 1 BACKGROUND. The purpose of this 
study was to identify and define three large 
space structure experiments through which 
the following flight objectives could be ac- 
complished: evaluate the role of man in the 
deployment, assembly, alignment, mainte- 
nance arid repair of large structures in space; 
evaluate t h e  performance and behavior of 
large structures in space from a technology 
viewpoint; a n d  provide a space structure 
which can be used to fulfill a Ifuser oriented" 
requirement such as a radio a s t r on  o m y  
antenna o r  solar cell array. 
The logical point of departure for a study 
such as this is to first determine the most 
promising areas of science and technology 
which will probably require large structures 
in space. In viewing the potential NASA mis- 
sions throughout the next decade, one can 
conclude that some of the more prominent 
requirements will evolve from the areas of 
astronomy, communications, and, to a lesser 
but still significant degree, from the require- 
ments for solar cell arrays, micrometeoroid 
collectors, and magnetometers. 
With regard to astronomy, regions of the 
electromagnetic spectrum which are of inter- 
est begin with the very long radio waves and 
continue through gamma rays. Although not 
all astronomers necessarily agree on which 
areas of t h e  spectrum should receive the 
highest priority, general concensus on those 
bands of particular interest and specific rec- 
ommendations for future astronomy in space 
are found in Wpace Research Directions for 
the Future, Part 2" (Woods-Hole Report). 
This document and other appropriate sources 
of literature were used to guide this study in 
its relation to astronomy. A few of the more 
important conclusions and recommendations 
contained in the Woods-Hole Report are sum- 
marized in Figure 1-1. The darkened area 
POTENTIAL APPLICATIONS OF LARGE STRUCTURES IN SPACE 
1 
of the line at the top of the figure signifies 
those regions of the spectrum in which the 
atmospheric attenuation is greater than 10 db, 
and therefore those regions which are essen- 
tially blacked-out from the earth's surface. 
In these regions, astronomical observations 
are completely dependent on the ability to go 
into space. Accordingly, the Woods-Hole 
Report has made positive recommendations 
covering the entire spectrum with the excep- 
tion of radar astronomy, which it says can 
be satisfied by ground-based observations. 
Several of the bands of interest are par- 
ticularly challenging to those interested in 
large space structures. First, consider the 
very long wave (10 M and longer) region. 
Antennas designed to operate in this region 
have two d o m i n a n t  characteristics: large 
physical d i m e  n s i o n s and correspondingly 
large allowable tolerances. The Woods-Hole 
Report recommended a "Broad Band Antenna 
System leading to a 20 KM aperture ultimate 
antenna system. 1 1  Although such an antenna 
would not be feasible during the AAP period, 
antenna types which may prove useful in the 
long wave region, and are  therefore accounted 
for in this study, include log periodics, rhom- 
bics, broadside arrays, and phased arrays. 
In the submillimeter r e  g i on  t h e  primary 
useful antenna concept is a fairly large para- 
bolic radio telescope with very stringent tol- 
erance requirements. A great deal of em- 
phasis was therefore placed in this region of 
interest. Additional regions of interest to 
astronomers which i nv o 1 v e s large struc- 
tures are the x-ray and gamma-ray parts of 
the spectrum. The Woods-Hole Report also 
contains specific large space structure re- 
quirements to s u p  p o r t these astronomical 
programs. 
Convair was directed by NASA to include 
in the study detailed analysis on four types 
of space structures relating to astronomy, 
long wave radio, submillimeter wave radio, 
and x- and gamma-ray astronomy. Although 
optical astronomy, including infrared, ultra- 
violet, and visible regions of the spectrum, 
is extremely important to future space flight, 
Convair was directed by NASA not to include 
these types of structures. 
In the area of communications many vary- 
ing types of potential candidate missions exist. 
They include TV broadcast, voice broadcast 
(ranging from direct to home broadcast to 
simple point to point relay), and deep space 
relay missions. Large space structure re- 
quirements vary widely with the mission and 
the potential time f r a m e f o r application. 
Although work is continuing to develop high 
power, long life space power supplies such 
as radioisotopes and nuclear reactors, there 
will be a need for solar cell arrays, and so 
Convair was directed to include structures 
of this nature in the study. Additional areas 
which appeared to have the requirement for 
structures were magnetometer devices (the 
structural requirement emanates from t h e  
need to separate t h e  magnetometer a long 
distance f r o m  the mother spacecraft) and 
micrometeoroid collectors. 
In summary, it was directed by NASA that 
the concepts to be analyzed in the study be 
centered around those satisfying the following 
user-oriented applications requirements: 
Long Wave Radio Astronomy 
Millimeter Wave Radio Astronomy 
X- and 7-Ray Astronomy 
Communications 
Solar Cell Arrays 
Magnetometers 
Micrometeoroid Collectors 
1 .1 .2  STUDY APPROACH. Figure 1-2 
shows the major task areas to be accom- 
plished during the study as directed by NASA 
during the contract orientation. The study 
was broken into two parts, the first half deal- 
ing with the analysis of a large number of 
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candidate space structures concepts culmin- TASK AREAS 
CONVAIR MEETING WITH: 
MSfC 
MSC 
GSfC 
0 MS F h S S  A 
were: ASTRONOMERS 
EVEA NAA 
OASF DOUGLAS 
AS&E 
Thisvolume p r e s e n t s  a summary of the 
entire study. Some of the primary guidelines 
a. Concepts to be considered included the KOLLSMAN 
RtVlfW s ))llllZt SfYm., 
NhSI COHCtPIS fURMYa0 P R O m  SIRLCIURIL rant 
OflI1:fO DCfINIIION Of . WR RfOlllRtMtNlS 
ating in the selection of three which would 
then undergo more detailed analysis and de- 
sign during the second half of the study. 
I l l g R l f N l  IlCHHI(Mi EL* + 1' lH?%2;ci Of s1mrOIuL . PtnioRMecf Riaurn[ 
M ~ H I S  mucunisi 
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1.1.3 SUMMARY OF RESULTS. Tasks 1 RLOUIRCMINIS I I 
1966 1961 
S I 0 I N I 0 I 1 I F I M 1 A I M 1 1 I 1 ',,,",, I 
MIO'IIPM 
and 2 resulted in the preliminary design and 
analysis of 40 candidate space structure con- 
ceptsfor flight in the 1970-75 time frame. 
Three of these structures were selected at 
the midterm point of the study and were the 
subjects of detailed preliminary design and 
analysis during the second half of the study. 
They are: a long wave radio astronomy an- 
tenna called a Crossed-H Interferometer, a 
Focusing X-Ray Telescope, and a 100-foot 
Aperture Parabolic Antenna. An o v e r a 11 
summary of the entire study is presented in 
this volume. Analysis of the 40 candidate 
struc&res can be found in Volume 11, and 
detail analyses of the three selected concepts 
are contained in Volumes IIC, IVY and V, 
respectively. 
Figure 1-2 
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FACILITY. OOSGLAS/MSFC 
Figure 1-3 
b. Secondary emphasis was placedon solar 
cell arrays, m a g n e t o m e t e r s ,  and 
meteoroid collectors. 
c .  Experiments were defined for minimum 
cost. Although weight, volume, and 
packaging efficiency w e r e  considered, 
minimum cost w a s  the prevalent con- 
sideration. 
I PERKIN-ELMER AIL NRL 
Figure 1-4 
d. To the maximum extent feasible, t h e  
experiments were defined such that their 
performance was i n d e p e n d e n t  of any 
particular spacecraft configuration and 
mission profile. 
To provide good data inputs to the study, 
extensive coordination with the s c i en t i f i c 
community, NASA, a n d  industry was re- 
quired, particularly for exp e r i m e  n t user 
requirements and crew systems. See Figures 
1-3 and 1-4. 
3 
1 . 2 . 1  MAN'S ROLE IN SUPPORT OF LARGE 
SPACE STRUCTURES. Baseline astronaut 
data and capabilities were established by the 
Crew Systems Division of MSC. Beneficial 
coordination m e e t i n g s were h e  1 d with the 
closely related NASA s t u d y  of EVEA under 
Mr.  Phil Pennington of NAA/S&lD. 
A summary of man's recommended role 
is presented in Figure 1-5. In the event of 
electro/mechanical failure du  r i n  g deploy- 
ment, he would be capable of stopping the 
deployment sequence and either replacing the 
failed component o r  completing the deploy- 
ment manually. The study results indicate 
BACKUP DURING AUTOMATIC DEPLOYMENT 
COMPLETE OEPLOVMEET MANUALLY 
UNSCHEDULED REPAIR OF AUTOMATIC SYSTEM 
YISUAL INSPECTION BEFORE. DURING & AFTER OEPLDVMENT 
ALIGNMEWT & CHECKOUT (INCLUDING CORRECTIVE ACTION) 
MAINTENANCE. REPAIR & REFURBISHMENT: 
REPLACEABLE MODULE ADDITIVE (OVERLAY SVSTEMS) 
REPLACEMENT OF STRUCTURAL MEMBERS RECHARGE SYSTEMS 
PERIODIC UPOATING of  INSTRUMENTATIDN/SENSORS (FOR EXPENSIVE. LONG.TERM ITEMS) 
REaUIRES PROPER DESIGN OF ITEM FROM HUMAN ENGINEERING VIEWPOINT 
GROSS MANIPULATIONS SAFETY 
RESTRAINT HANDRAILS, ETC. 
ACCESSlBl LlTY 
PROPER TOOLS & OTHER SUPPORT EQUIPMENT 
SUPPORTING TESTS & SIMULATIONS 
Figure 1-5 
that man will be useful in alignment, main- 
tenance, and repair, and essential to thetask 
of refurbishment. 
For man to enhance and update the per- 
formance of the systems and increase the 
probability of mission success, the design 
must consider human engineering from the 
beginning, particularly with respect to such 
considerations as EVA safety, restraints, 
accessibility, simplicity of task, and transfer 
of cargo. 
1 .2 .2  SCIXNTIFIC REQUIREMENTS A N D  
CAPABILITY. To a r r i v e  at large space 
structures that fulfill the third main objec- 
tive of the study, namely that of providing a 
scientifically useful device in earth orbit, an 
extensive investigation was un d e r t a k e n  to 
come up with scientific user requirements. 
These scientific requirements were then util- 
ized both as evaluation criteria for already 
existing concepts a n d  a s  design goals for 
generating the new concepts that were even- 
tually selected by NASA for further detail 
design during the second half of the study. 
Several prominent members of the scientific 
community were instrumental in d e  v i s i n  g 
these design constraints. They are  listed on 
page iv. 
4 
SECTION 2 
ANALYSIS AND EVALUATION 
OF SPACE STRUCTURE CONCEPTS 
2.1 LONG WAVE RADIO ASTRONOMY 
2 .1 .1  USERREQUIREMENTS. Preliminary 
requirements used during the first half of the 
study are shown below. 
a. 
b. 
C. 
d. 
e. 
f .  
g. 
h. 
i. 
Lifetime: Minimum of 1 year desired. 
Orbit Altitude: Minimum of synchronous. 
Effective Beamwidth: 100 deg2 at 1 MuHz 
desired - less than 10 deg in one direc- 
tion, but could be greater for solar and 
planetary astronomy. Interferometers 
should be used, if possible, for improv- 
ing this resolution to 2 deg. 
Pointing Accuracy: One-half-beamwidth 
minimum to 1/10 for aspect determina- 
tions. h the case of a sweeping-mode 
or  drift-mode antenna, the pointing direc- 
tion must be known to within 1/10 half- 
power beamwidth or better. 
Pointing Stability: Approximately 1/10 
beamwidth or better. 
Bandwidth: 500 kHz to 10 MHz desired, 
with emphasis on lower half. 
Spectral Resolution: Good desired, and 
depends only on electronics for any one 
antenna. 
Sensitivity: Unfilled apertures entirely 
adequate. 
Lockon Time: One-half second to several 
hours for time-varying phenomena. For 
mapping observations, however, an an- 
tenna arrangement with as slow a drift 
rate as possible (up to approximately 1 
deg/sec) suffices. 
5 
j. Tolerance: Prefer 1/20T, but 1/16T is 
adequate (at 1 MHz, 7 = 300 m). 
k. Orientation: Eliminate antenna pattern 
directional ambiguity. 
2.1.2 ANALYSIS OF CONCEPTS. Eight 
concepts for long wave radio astronomy, Fig- 
ure 2-1, were provided by NASA and industry. 
Inaddition, six new concepts, 51a through 54, 
were developed and analyzed to various levels 
of detail, depending on their predicted per- 
formance and feasibility. The predicted per- 
formance is p r o v i d e d  in Table 2-1. T h e  
relative concept rating is a function of aper- 
ture area, beamwidths, bandwidths, and total 
structural d e v i a t i o n . A discussion of the 
evaluation process is provided in Section 2.8 
and Volume II. 
2 . 2  MM WAVE RADIO ASTRONOMY 
2 .2 .1  USER REQUIREMENTS. Following 
is a summary of the requirements placed upon 
millimeter wavelength and infrared r a d  i o 
astronomy equipment: 
a. Lifetime: 1 year minimum. 
b. Orbit Altitude: Lower or  high ok, with 
synchronous desirable. 
c. Beamwidth: 1 sec of arc desired, but 
can be larger with aspect determinations. 
d. Pointing Accuracy: 1 sec of arc. 
e. Aspect Determination hterval: 1/10 of 
the beamwidth. 
f .  Jitter: f 0.5 beamwidth, when not using 
aspect determination. 
g. 
h. 
i. 
j .  
k. 
1. 
m. 
Figure 2-1 
Sensor or  Detector: Electronic receiver 
and/or super-cooled bolometer. 
Bandwidth: Desired approximately 50 p 
to 10 mm. 
Spectral Resolution: 1" K desired. 
Collecting Area: Parabolic dish, as large 
as possible. 
Lockon T i  me:  Several hours desired, 
but slow drift allowed for observation of 
stronger sources, using aspect deter- 
minations when beamwidth has consider- 
ably larger angular diameter than t h e  
source. 
Surface Tolerance: Approximately 0 . 1  
mil = 0.0025 mm for 50p wavelength, 
and 2 mils for 1 mm wavelength diffrac- 
tion limited capability. 
Diffraction Limited: Down to 1 mm, at 
l e a s t .  Preferred to 50p = 0.05 mm. 
Diffraction limited t o  a certain wave- 
length entails keeping the surface toler- 
ance of those parts of the antenna func- 
tioning at that wavelength to within 1/20 
of the wavelengths. 
n. Physical Dimensions: Parabolic dish of 
up to 100 f t  diameter. 
2.2.2 ANALYSIS O F  CONCEPTS. For the 
time period under consideration there was no 
significant support from the scientific com- 
munity for a mm-wave dish larger than 10 f t  
in diameter. Since this size, for the purpose 
of this study, w a s no  t considered a large 
structure, no structures were conceived for 
this application. However, some of the com- 
munications concepts were rated against mm- 
wave astronomy usage criteria. 
2 .3  X AND GAMMA RAY ASTRONOMY 
2 . 3 . 1  USER REQUIREMENTS. The gamma- 
ray astronomy user requirements that may be 
feasibly fulfilled in the period of 1968-72 are: 
a .  Lifetime: Several months desired. 
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Table 2-1. R-1, Long Wave Radio Astronomy 
USER REQUIREMENT/CONCEPT COMPARISON AND RATING 
CRITICAL PERFORMANCE PARAMETERS 
I * TOTAL I STRUCTURE DEVIATION EXPERIMENT TOTAL (A) BEAMWIDTH I * " REO OR ORRlT APERTURE 
I I I  I 
3(106) 150x60 1 0 . 5  ISOXSO 110 
0.w 0.0.9s 
I I 
c m e e  t Rat 
Cmcapt  Ratlng 
I I I I I 
I I Crmoapt mw I I I I 
c-52a 1500 Meter Rhomb10 Antenna 
Ext Struct 23.866 4 .100  Z(lO?) 
c m c e p t  Ratlng 
~ 0.5 -10 MRz 
l . l ( l 0 - 9  
I I I I I I I  I I  I 1  I I I I 
* RELATlVE CONCEPT RATING = (A) (F) (8) ( 0 )  
** PLUS INTERFEROMETER RESOLUTION TO 1.7- AT 
0.5 MHz AND 0.35' AT 2.5 MHz AND ABOVE 
CONCEPT RATINO = CONCEPT PERFORMANCE I R-() 
C - ( J USER REQUIREMENT 
OH BY RECIPROCAL ACCORDING TO DESIRED P E R F  BOUNDARIES 
b. Orbit Altitude: 200 n. mi. o r  lower, or d. Resolution: Accomplished by a s p e c t 
well above radiation belts. determination or occultation. 
c. Field of View: Two degreesdesired, but e. Pointing Accuracy: < l o  o r  f1/2 field of 
larger field is acceptable, depending on view or better. Alternative target and 
synthesis techniques. bandground observations desirable. 
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f .  
g. 
h. 
i. 
j. 
k. 
1. 
m. 
Aspect Determination Interval: 1/10 field 
of view or better. 
Sensor or D e t e c t o r : Anticoincidence 
shielded scintillation counters, s p a  r k 
chambers, o r  Cerenkov counters. 
Bandwidth: 40 kev - 20 Mev using anti- 
coincidence shielded scintillation count- 
e rs ;  30 MeV - 300 or  400 Mevusing spark 
chambers. Above 0 .5  Bev gas-filled 
Cerenkov counters. 
Spectral Resolution: 10 per cent of fre- 
quency. 
Sensitivity : 
to 10-8 photon/cm2-sec-ster. 
1 0-3 pho ton/cm2 - sec- ster 
Effective Collecting Area: Up to 10 M2, 
but 1 M2 suffices. 
Lockon T i  m e  : 6 - 144 hr;  sweep with 
aspect determination may be employed 
when possible. 
Structural Tolerance: The entire array 
must be mechanically aligned to within 
the capability provided by aspect pointing 
knowledge. 
The user requirements for x-ray astron- 
omy proportional counter arrays are: 
a. Lifetime: One year. 
b. Orbit Altitude: 200 n.mi. or lower pre- 
I 
ferred. 0" - 28.5" inclination. 
c. Field of View: One deg maximum. 
d. Resolution: Can be improved to arc sec- 
onds by use of ODA type c o l l i m a t o r ,  
sweeping across the source, and synthe- 
sizing the direction of the incoming radi- 
ation. By occultation to about 1' arc. 
e. 
f. 
g. 
h. 
i. 
j .  
k. 
1. 
m 
n. 
Pointing Accuracy: < *O. 50" ; p r e  f e r 
< k6' arc.  Alternative target and back- 
ground looks. 
Aspect Determination: Required as fine 
as possible; at l e a s t  0.5' arc in scan 
mode. 
Sensor or  Detector: Gas-filled propor- 
tional counters, anticoincidence arrange- 
ment required. 
Bandwidth: 1 - 20 kev desired. 
Spectral Resolution: 40per cent at 1 kev 
to 20 per cent at 10 kev desired. 
Sensitivity: 1 - 10 kev range demands 
minimum power detectable of about 
photons/cma sec-ster . 10 - 40 kev range 
demands about photons/cm2-sec- 
ster . 
Effective Collecting Area: 
possible, up to 100 m2. 
As  large as 
Lockon Time: 5 - 360 minutes, but drift 
modes may be employed up to 1" /sec. 
* 
Structural Tolerance: The field of view 
accomplished by collimators. However, 
the entire array must be mechanically 
aligned to within the resolution capability 
provided by mechanical collimators. 
Physical Dimensions: Individual c e 11 
elements 2 ft  by 2 f t  by 8 in. deep, plus 
electronics and structure 
The user requirements for large imaging 
grazing incidence x-ray telescopes are: 
a. Lifetime: At least a year. 
b. Orbit: 260n.mi. or l o w e r  circular, 
28.5" inclination. 
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C. 
d. 
e. 
f .  
g. 
h. 
i. 
j .  
k. 
1. 
Field of View or Beamwidth: 
to 30' arc. 
About 10' 
Angular Resolution: 2'' arc or better; 
depends on jitter rate andnumber of ex- 
posures per second. 
Pointing Accuracy: 5' a r c  offset. 
Lockon C a p a b i l i t y ;  Within a 1' arc 
square. 
Jitter: The jitter must not exceed the 
angular resolution desired. 
Sensors or Detectors: Image intensifier 
plus f i 1 m o r electronic imaging tube. 
Spectrometer. Polarimeter. 
0 0 
Bandwidth: Approximately 2 A to 300 A. 
Spectral Resolution: T/AT = 100 to 1000 
or better. 
Collecting Area: 200 cm2 minimum ef- 
fective collecting area. 
Lockon Time: 10  m i n u  t e s to several 
hours . 
m. 
n. 
0. 
Data: 5 to 10 x 106 bits per orbit. 
Structural To 1 e r a n c e : Paraboloidal- 
hyperboloidal reflecting surfaces must 
by precision machined and the electro- 
deposited nickel or flame- sprayednickel 
oxide optically polished to reflect graz; 
ing incidence x-rays down to at least 2 A 
wavelength. The alignment of the re- 
flecting mirrors with the focal point must 
be kept so that the image remains entirely 
on the detector sensing area. 
Physical, Unstowed, Dimensions: Up to 
10 f t  diameter by up to 100 f t  long. 
2.3.2 ANALYSIS OF CONCEPTS. Struc- 
tures for x-ray a n d  gamma-ray detectors 
were conceived and analyzed. Major char- 
acteristics are compared in Table 2-2. Con- 
cept 71, shown in Figure2-2, consists of 352 
square feet of x-ray collimators mounted in a 
single plane and gamma ray detectors with the 
same duration. 
2.4 COMMUNICATIONS 
2.4.1 USER REQUIREMENTS. Use r  re- 
quirements for communications systems are  
provided in Table 2-3. 
Table 2-2. Concept Comparisons 
GAMMA X-RAY 
RAY X-RAY TELE- ATTITUDE 
CON- MODULES MODULES SCOPE WEIGHT CONTROL 
CEPT (sq ft) (sq ft) (ft Dia) (Ib) SYSTEM STOWAGE 
71 11 3 52 - 13,118 LEM - Below Rack 
. Moment 
Wheels 
72 __I 1000 - 16,576 CSM - Below and 
Moment Above Rack 
Sheels 
73 - - 10 22,000 own Entire SLA 
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X-RAY AND GAMMA-RAY CONCEPT 71 
Figure 2-2 
2.4.2 ANALYSIS O F  CONCEPTS. Eight 
concepts for communications, provided by 
NASA and industry, were analyzed. Nine 
antenna concepts from related Convair stud- 
ies were added for evaluation. Most of these 
concepts are depicted in Figure2-3. A com- 
parison of predicted performance and rating 
when measured against one specific applica- 
tion, TV broadcast, is provided in Table 2-4. 
2.5.2 ANALYSIS 0 F CONCEPTS. Solar 
cell arrays were provided by Ryan, Fairchild/ 
Hiller,  and a NASA funded study by Boeing. 
Additional arrays were conceived for applica- 
tion to the Concept 75 communications an- 
tenna and the S-IVB Workshop. Concepts and 
performance summary are shown in Figure 
2-5 and Table 2-5. 
2 .6  MAGNETOMETERS 
2.5 SOLAR CELL ARRAYS 
2.5.1 USER REQUIREMENTS. Electrical 
power is required for scientific, electronics, 
and spacecraft systems including data a n d  
communications equipment. Power require- 
ments for communication satellites may vary 
from a few watts to a megawatt o r  more. 
Postulated pawer requirements for various 
applications after 1972 are depicted in Figure 
2-4. 
2 .6 .1  MAGNETOMETER USER REQUIRE- 
MENTS. Magnetometers must be isolated 
from large structures and mounted on non- 
ferromagnetic supports in such a position that 
disturbances in the surrounding plasma due to 
the spacecraft do not interfere with the meas- 
urements. Usually the magnetometer should 
be separated from the spacecraft by about 
three times the largest spacecraft dimension 
to escape large loops of current. 
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Table 2-3. Communication System Space Antenna/Transmitter Requirements 
~ 
TRANSMITTER 
FREQUENCY GAIN SIZE BANDWIDTH POWER OUTPUT 
(Hz) BEAMWIDTH (db) (ft) (HdChannel) ALTITUDE LIFETIME RENIABKS 
L . Space Communications to Provide Instant Contact with most of Major Nations 
LG-lOG 17' 19 0 . 4 - 4  4000 100 synch 
!. 
15M-30M 30' 15 104X104X15 1 Ok 5k Medium 
Voice Broadcast Direct to Home 
38M-108M 17" 19 40 10k-150k 5k synch 
38M-108M 20- 18 35 19k-150k l k  Medium 
t .  Real-Time TV Direct to Home (20 db Ground Antenna, 6 db N F  Preamp) 
300 M 3.5O x 30 ' 22 x 11 6M 57k Synch 
Approx . ) 7.4O 
3OOM 2.6' x 35 29 x 22 6M 20k Synch 
:Approx . ) 3.5' 
300M 0.5* 50 150 6M l k  Synch 
Approx . ) 
4. Real-Time TV to Distribution Center (42 dh Ground Antenna, 3 db N F  Preamp) 
3.9Gto 4G 3.5" x 7.4' 30 22 x 11 6M 
3.9'2 to 4G 2.6" x 3.5' 35 29 x 22 6M 
3.9G to 4G 0.5" 50 150 6M 
5 .  Telephone Communications, Personal Nature, Glob1 
1 G-4G 17' 19 1-4 4K 
1 G-4 G 1" 44 20-70 4K 
5. Spacecraft to Spacecraft Communications 
12G100G 0.5' 50 20 
7. 
2G100G 0.1' 64 170-20 l o 7  bps 
3. High Data Rate, Point-to-Point Communications 
!G-lOG 0.2O 58 170-35 lo6 bps 
3. Location Determination 
7G8G 0.25' 56 40 
Orbiting Relays for Communications from Deep Space Probes 
600 Synch 
200 Synch 
6 Synch 
1.25K Synch 
500 Synch 
2-10 yr 
2-10 y r  
2-10 y r  
2-10 yr 
2-10 yr 
2-10 yr 
2-10 y r  
5-10 y r  
5-10 yr  
5-10 y r  
10 yr  
10 yr  
10K 200-240,000 mi. 
1 OK 200-22,300 mi. 
10K 22,300 
0.5K 22,300 
125 Duplex Channels 
5 Channels 
5 Channels 
U. S. Coverage 3 Channels 
1-hr time zone in U. S. (3 
Channels) 
200 x 200 (5 Channels) 
U. S. Coverage (10 Channels) 
1-hr time zone in U, S. (10 
Channels) 
200 x 200 Mi.2 (10 Channels) 
Hemispherical Coverage (1OOC 
Channels) 
Multiple Beam Coverage (1OOC 
Channels) 
3 Y r  
3 Y r  
2 Y r  
The magnetometer support boom must be 
compatible w i t h  the characteristics of the 
magnetometer user requirements, which are : 
C. 
d. 
a. Lifetime: Commensurate w i t h  that of 
spacecraft. 
e. 
b. Orbit Altitude: Withinthe magnetosphere. 
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0 r b i t  Inclination: Perpendicular and 
parallel to the earth-sun line. 
Orbit Eccentricity: High for magnetic 
lapse rate measurements, low for mag- 
netic isodistance lines. 
Field of Influence: Magnetosphere first 
priority. 
Figure 2-3 
f .  
g. 
h. 
i. 
j .  
k. 
1. 
Pointing Accuracy: Approximately 1" at 
high altitudes, 3" - 5" at low altitudes. 
Sensor o r  Detector: Rubidium-vapor o r  
flux gate magnetometer. 
Field Strength: 20, 000 - 100, 000 gamma 
at lower altitudes to approximately 100 
gamma at high altitudes. 
K ~ M W A ~ S  i o  
Sensitivity: < lo00  gamma for low alti- 
tudes to 1 - 5 gamma variations at  high 
altitudes. Figure 2-4 
Flux Directions Measured: 477 steradians. n. Operation: Continuous. 
Size: Approximately 1 f t  diameter by 6 0. Important Measurements: Solar flare 
in. high. magnetosphere modulations, lunar and 
terrestrial magnetic tail or  wake studies. 
Structure Tolerance: Only in instrument 
it self. p. Data Rate: 100 bps for low altitudes - 
scalar magnetometer. 1000 bps for high 
m. Deployment: Extend onlong boom, about altitudes - vector magnetometer. 
three times as long as the largest space- 
craft d i m e n  s i o n  , to avoid magnetic 
materials . 
q. Power Recpirement: Approximately 5 w 
for each scalar axis. 
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Table 2-4. R-7 TV Broadcast 
I 
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STOWED YOL. 740 CU. R 
EVA. insmion- i  HR. 
CONCEPT NO. 
FACTOR 
Gross Area, ft2 
Figure 2-5 
Table 2-5. Summary of Solar Array Concept Performance 
5 8 19 81 82 
HILLER 
BOEING RYAN FAIRCHILD/ 
5000 5000 160 3000 3080 
Ne t  Area, ft2 
Gross Generated Power, 
kw 
Specific Output, watts/ft2 
wat tdlb 
*Gross Weight 
Stowed Volume, ft3 
Deployed Dimension, ft 
Application 
4433 3500 147 2 700 2770 
47.7 15.8 1.7 30 27 
10.8 4.5 10 11.1 10.1 
24.3 5.2 12.1 9.3 6.3 
1960 3060 140 3238 4312 
3832 1400 150 1800 1400 
25 X 28 16 X 53 2 x20  28 X 54 17 X47 
(4 Panels) (6 Panels) (4 Panels) (2 Panels) (4 Panels) 
Mars  (S-IVB) - TV Broad- S-IVB 
Mission cast/Comm 
Antenna 
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r. Thermal Constraint: P r e a m p l i f i e r  
heaters required, or preamplifier rede- 
s i g n n e c e s s a r y  to withstand -54OCto 
+65OC. 
2.6.2 ANALYSIS OF CONCEPT 91, MAG- 
NETOMETER BOOM. Only one concept was 
analyzed. This concept consists of a magne- 
tometer boom attached to a petal of a Concept 
72 spacecraft. The boom is composed of 11 
telescoping sections that extend 150 f t  from 
the perimeter of the spacecraft. Each of the 
sections is triangular in cross section (see 
Figure 2-6). 
Attitude control of the end of the boom con- 
sists of keeping it aligned with the supporting 
spacecraft. Attitude control is provided to 
the extent required by boom deflections by 
vernier servo adjustments on two axes. In 
its launch configuration the boom is stowed in 
a package approximately 12  in. by 14 in. by 
200 in. , and weighs approximately 200 lb. 
2 . 7  METEOROID COLLECTORS 
2 . 7 . 1  USER REQUIREMENTS. Three basic 
types of meteoroid detectors are of interest: 
gelatin, wire mesh, and crystal. These de- 
tectors permit determination of m a  s s and 
velocity, allow crater characteristics to be 
studied, and enable recovery of undamaged 
particles from emulsions. 
U s e r  requirement data are: 
a. Lifetime: l y e a r .  
b. Orbits: Altitude: various , depending on 
investigation desired. Inclination: nor- 
mal to earth's trajectory. Eccentricity: 
preferably circular (zero). 
c . Field of View: 2 7T steradians. 
d. Directional Resolution: Desired to * 10 
deg, but not necessary. 
CONCEPT 91, MAGNETOMETER 
+---150 F T d  
CONCEPT '72 
AC TU AT ORs 
e. 
f .  
g -  
h. 
i. 
j .  
k. 
1. 
m. 
n. 
Figure 2-6 
Pointing Accuracy: Within 10-deg array 
should p o i n  t perpendicular to earth's 
trajectory. 
Detector: Gelatin emulsions, thinplates, 
membranes, wire  grids, o r  crystals. 
Sensitivity: Depends o n individual in- 
vestigation. 
Collecting Area: A s  large as possible (up 
to 15,000 sq f t  for some investigations). 
Physical Dimensions: In case of wire 
grids and emulsions, individual cells of 
2 f t  by 2 ft .  
Structural Tolerance: To synthesize the 
incoming directions of several particles, 
individual cells must be aligned within 
resolution capability. 
Significant M e  a s u r e m e  n t s : Meteor 
stream peaks; fuel tanks and wall panel 
penetration. 
EVA: Post-microme,teoroid d e  t e c t o r 
replacement , handling, and maintenance ; 
removal a n d replacement o f particle 
collectors possibly weekly or  monthly. 
Materials: For some applications, gela- 
tin, which may have to be kept warm to 
remain gelatinous. 
Electrical Power: 10 watts/sq meter. 
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2.7 .2  ANALYSIS OF CONCEPTS. Two 
meteoroid detector concepts were provided 
by industry, and one meteoroid collector was 
conceived for analysis and evaluation. These 
are shown in Figure 2-7. Detailed descrip- 
tions and analysis a r e  provided in Volume 11. 
2.8 EVALUATION OF CONCEPTS 
This section presents a brief summary of the 
results of the evaluation of over 40 large 
space structures concepts. Evaluation cri- 
teria we r e  developed in close coordination 
with the NASA/MSFC project monitor. They 
included performance, weight, volume, cost, 
schedule, f e a s i b  i 1 i t y  , a n d  technology 
contribution. 
2.8.1 USER REQUIREMENT C O N C E P T  
RATING. Performance predicted for long 
wave radio astronomy and communications 
concepts were provided in Tables 2-1 and 2-4. 
The top line in each tableprovides idealuser 
requirements utilized in this study. Tables 
for all concepts and user applications a re  
included in Volume 11. 
The critical performance parameters for 
most of the concepts considered are: effec- 
tive aperture area, the beamwidths at  lowest 
practical frequency, beamwidths of the device 
(if applicable), and an estimateof the largest 
critical structural deviation. Since most of 
the large structure candidates evaluated were 
electromagnetic radiation energy collectors, 
t h e s e particular performance parameters 
apply. 
2.8.2 RDT &E. Significant problems as- 
sociated with the development of large, light- 
weight structures w e  r e  identified. Most of 
the problems are  relatedto the extreme size 
of the experiment concepts a n d  the mechan- 
ical t o 1 e r a n  c e s required f o r satisfactory 
operational p e r f o r m a n  c e. Some of these 
are: 
a. Packaging and deployment. 
b. Joining and assembly with EVA. 
c . Alignment. 
d. Thermal distortions. 
e. Rigidity and maneuverability. 
f .  Ground testing and checkout. 
A summary of the typical engineering tests 
required for each concept is given involume 
11. 
DEEP SPACE 
MICROMETEOROID PANEL 
Concept 14 - Martin 
CONCERTINA MICROMETEOROID 
Concept 18 - Fairchild/Hiller 
METEOROID COLLECTOR 
Concept 85 - Convair 
Figure 2-7 
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2.8.3 COST AND SCHEDULES. An abbre- 
viated cost and schedu1e.analysis was under- 
taken for each of the concepts. Results are 
recorded in Volume 11. 
2 . 9  CONCEPT SELECTION 
Subsequent to the midterm presentation, NASA 
selected the following three large space struc- 
tures for more detailed analysis and design 
during the second half of the study: 
Crossed H Interferometer. T h i s  concept 
(essentially the same as Concept 51b) was to 
be capable of accomplishing a wide variety of 
long wave radio astronomy observations in 
the 0 . 5  to 10  MHz range, and is assumed to 
be launched by a manned Saturn V launch vehi- 
cle into a synchronous orbit, Results of the 
detailed preliminary design and analysis of 
this structure are contained in VolumeIII. A 
summary is presented in Section 3 of this 
report. 
Focusing X-Ray T e 1 e s c o p e. The second 
selected concept was a focusing x-ray tele- 
scope very similar to Concept 73, but smaller 
in size. It was NASA's assessment that the 
appropriate size of such an instrument for 
flight in the mid-1970s should be in the neigh- 
borhood of 20 - 40 inches. Thus, the pre- 
liminary design and analysis of a ''nominal 
30-inch aperture" device was established as 
a guideline for the second half of the study. 
It was further directed by NASA that the x-ray 
telescope should be capable of accommodating 
a w i d e  variety of soft x-ray observations 
throughout its useful lifetime. 
sults of the subsequent study 
x-ray telescope are found in Vo 
summary is presented in Section 4 of this 
report. 
. The third con- 
cept selected by NASA is a nominal 100 f t  
diameter parabolic antenna similar to Con- 
cept 102. Although no operational mission 
is directly associated with this selected con- 
cept, the parabolic dish is considered a tech- 
nology step leading to the development of the 
structures technology required to accomplish 
a broad spectrum of potential future missions 
such as point-to-point communications and TV 
broadcast. Results of the preliminary design 
of this concept are contained i n  Volume V; a 
summary is presented in Section 5 of this 
report. 
It was further directed that the preliminary 
designand analysis of these three concepts be 
pursued with the three primary flight objec- 
tives in mind: (1) the evaluationof man's role 
in the assembly, alignment, checkout, etc., 
of a large structure i n  space, (2) gaining 
structures technology, and (3) as appropriate 
to suit the particular mission. 
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SECTION 3 
CROSSED H INTERFEROMETER 
FOR LONG WAVE RADIO ASTRONOMY 
3 .1  INTRODUCTION 
This section presents a summary of the re- 
sults of the study of the crossed H interfer- 
ometer for long wave radio astronomy. Basic 
ground rules were: 
a. Saturn V Manned Launch 
b. Circular Synchronous Orbit, 28.5" Incli- 
nation 
c. Mission Lifetime One Y e a r  Minimum 
d. Manned Resupply/Repair Flight, if re- 
quired 
e. Orbital Crew Activities Constrained to 
the MSC "Baseline Extravehicular A stro- 
naut 1968 to 1972" 
The s t u d y  was primarily concerned with 
engineering problems in the folIowing areas: 
Structural/Mechanical Design and Analy- 
sis 
Packaging 
Subsystems 
Materials 
Alignment 
Thermal and Dynamic Analysis 
Determination of Man's Role in Deploy- 
ment, Operation and Maintenance of the 
Facility. 
The following principal conclusions have 
been reached: 
a. 
b. 
C. 
d. 
To the extent of the analysis performed, 
it is feasible to design, develop, and de- 
ploy the crossed-H interferometer facil- 
ity by 1972, which willprovide radio as- 
tronomy observations of 0 . 5  MHz to 10 
MHz . 
The facility can be placed in synchr6nous 
orbit by a manned Saturn V launch, with 
adequate reserve payload weight and vol- 
ume for growth and additional experi- 
ments. 
The structural concept provides an excel- 
lent facility for the demonstration of the 
operation and performance of extendible 
booms and extendible tubular mesh struc- 
tures under various thermal and dynamic 
environments. The dynamic behavior 
of tethered, gravity gradient stabilized 
bodies may also be evaluated. 
Man's primary roles would be to (1) 
monitor the deployment and checkout 
while providing a manual backup to the 
automatic system, and (2) subsequently 
provide orbital maintenance and refur- 
bishment. Through photography and 
medical sensors , the astronaut's dex- 
terity and physical performance may be 
recorded to validate his ability to function 
as a valuable adjunct to the orbiting 
structure. 
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3.2 FLIGHT OBJECTIVES 
One of the primary flight objectives of the 
crossed-H antenna is to verify the use of man 
in erecting and maintaining the operation of 
a large orbiting structure. 
To achieve this goal on a justifiable basis, 
the astronaut's capabilities were  w e i g h e d 
against automation on the system level and 
redundancy on the c o m p o n e n  t part level. 
Such f a  c t o  r s as  reliability, work hazards, 
costs, and EVA work constraints were used 
as a basis for analysis. This analysis indi- 
cated that man's activities were  indispensable 
in assuringmission success in the areas of: 
a. Initial Deployment and Checkout 
b. Malfunction Repair 
c. Scheduled Refurbishment 
While accomplishing the above tasks, the 
astronaut will furnish valuable data for future 
orbital work through the media of photography 
and biomedical sensors. 
Throughthe use of photography, the astro- 
naut's abilities to do the assigned tasks may 
be recorded. His  ability to handle and re- 
place various size components may be con- 
firmed, from the fairly large solar cell panels 
to the small a t t i t u d e  control jet modules. 
His  methods of locomotion will also furnish 
valuable data upon which future activity may 
be based. Such equipment transportation 
methods as the "clothesline" principle may 
be observed for future applications. 
The advancement of large orbiting struc- 
tural technology is one of the prime flight 
objectives of the crossed-H antenna. Through 
the use of thermal sensors, strain gauges, 
and photography, the structural behavior may 
be telemetered to earth for analysis and sub- 
sequent structural advancement. 
A most significant area of technological 
development is the tether. Studies have been 
performed on tether dynamics and it is antic- 
ipated that experience with orbital tethers 
will be gained before the launchof this exper- 
iment. But it is probable that the use of this 
tether length in repeated extension and re- 
traction will, with suitable instrumentation, 
provide valuable data on such a typical space 
structure. 
The extendible boom is another example 
of the application of structural technology to 
space environment. Normal webbed truss 
theory is extended to provide a boom with a 
high degree of immunity to thermal and dy- 
namic distortions while incorporating a re- 
peatable extension ratio of 8 to 1. Strain 
gauges, thermocouples, and position sensors 
will provide data to evaluate the effectiveness 
of the design and lead to new improvements. 
Other features of the antenna assembly 
provide sources of data that will establishand 
promote structural technology. The dipoles 
of bi-metallic mesh in the shape of extendi- 
bel and retractable tubes should provide ad- 
ditional data in this application, although 
we anticipate that the fundamental concepts 
will be proven in preceding experiments or 
pre-orbital tests. 
Although the various drive mechanisms 
operate normally on the earth, they will be 
further tested in space by this experiment, 
particularly with respect to longevityand re- 
liability. The need for suchproof is reflected 
in the incorporation of the detail design of 
redundancy and provisions for EVA replace- 
ment by means of modules and gross attach- 
ments, 
In short, this design represents a logical 
and practical extension of structural tech- 
nology to space applications. 
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This antenna assembly has been designed 
to incorporate the scientific equipment that 
makes possible the investigations which var- 
ious investigators may wish to perform. The 
scientific objectives include: 
a. 
b. 
C. 
d. 
Survey the low frequency radiation over 
the entire sky, with good resolution, in- 
cluding spectral and polarization mea- 
surements. 
Survey low frequency discrete radio 
sources, with good resolution, including 
spectral and polarization measurements. 
Obtain spectral and polarization mea- 
surements of the sun, with good temporal 
resolution. 
Obtain low frequency observations of 
Jupiter, and possibly other planetary 
sources, with good temporal resolution. 
It is the intent of the crossed-H interfer- 
ometerdesign to use aperture synthesis tech- 
niques to perform the investigations under 
rrarr and "bfr above; r r ~ * l  and ffdrr above are 
carried out in the frequency range from 0.5 
MHz to 5 MHz simultaneously, and in both 
polarization orientations simultaneously. 
3 . 3  ANTENNA PERFORMANCE 
The principal measurements desired of a long 
wave radio astronomy system are (1) the 
spectral brightness and polarization mapping 
of essentially time-stationary sources for 
frequencies below 10 MHz and (2) the spec- 
tral brightness and polarization monitoring 
of strong time-varying sources within the so- 
lar system for frequencies below 10 MHz. 
Earth-based radio telescopes are limited 
in their usefulness in varying degrees below 
roughly 20 MHz by the reflection, absorption, 
refraction, and polarization rotation effects 
of the ionosphere. They are also adversely 
affected by interference from man-made sig- 
nals and atmospheric noises originating on 
the earth. These limitations increase in se- 
verity with decreasing frequency, becoming 
very severe at about 10 MHz and intolerable 
at frequencies below about 5 MHz. Space- 
borne antennas operating outside the ionos- 
phere blanket avoid many of the problems as- 
sociated with earth-based telescopes. Below 
frequencies of 4 o r  5 MHz, spaceborne anten- 
nas are the sole means of obtainingmeasure- 
ment data. 
To be useful, a satelliteborne long wave 
radio astromony antenna must, among other 
things, be able to operate at frequencies be- 
low 5 MHz, must be able to resolve to small 
angles for mapping, must be capable of mon- 
itoring time-varying sources, and be able to 
measure the polarization of incident radia- 
tion. 
The evaluation of various satellite struc- 
tural concepts showed that the variable geom- 
etry, crossed-H interferometer concept best 
satisfies the long wave radio astromony user 
requirements when considering the limita- 
tions imposed by structural and dynamic fac- 
tors inherent in each concept. 
A feature which makes the interferometer 
particularly useful is its variable tether 
length. This makes possible use of the inter- 
ferometer, supported by data correlation pro- 
cesses, for an unambiguous mapping resolu- 
tion equivalent to that of a two-dimensional, 
filled aperture array.  This achieves a per- 
formance that could be matched, using con- 
ventional techniques, only by a vastly more 
complex antenna structure. Another very 
advantageous feature is the variable dipole 
spacing and length, which permits operation 
over the broad frequency range from 0.5 MHz 
to 10 MHz. A third important feature is the 
ability to slew the end-fire dipole assemblies 
to continuously monitor one sector of the sky. 
This p e r m i t s the use of the instrument to 
study time-varying sources, such as the sun, 
when events of special interest occur. 
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3.4 CONFIGURATION DESCRIPTION 
~~ ~ 
TEST AND CALIBRATI 
SYSTEMS 
3.4.1 OPERATIONAL DESCRIPTION. The 
crossed-H interferometer long wave radio 
astronomy antenna is deployed in 28 1 /2" syn- 
chronous orbit by a manned Saturn V launch 
vehicle system. The sequence of mission 
operations is shown in Figure 3-1. 
BASELINE MISSION OPERATIONS 
F 5  DEPLOY 
The antenna system consistsof two satel- 
lites whichare stabilized in a gravity gradient 
field utilizing an adjustable 1 e n g  t h tether. 
The two satellites are geometrically identi- 
cal and vary only within the electronic re- 
ceiving and transmitting networks contained 
within the centerbooms. Each satellite con- 
sists of five major components: the center 
body, two extendible boom assemblies, and 
two dipole head assemblies (Figure 3-2). 
To achieve the broad performance range 
exhibited by the antenna the basic geometry 
of the antenna has been made adjustable. The 
tether system is adjustable from 0 to 10,000 
meters in length. The telescoping booms that 
support the dipole heads are adjustable from 
3 meters to a maximum of 30 meters, while 
the individual half dipole lengths are variable 
from 6 meters to 75 meters. See Figure 3-3. 
The entire antenna array may be retracted 
to the launch configuration for gross EVA 
maintenance and refurbishment functions. Figure 3-1 
CROSSED H INTERFEROMETER ANTENNA 
GENERAL ARRANGEMENT 
Q 
1. MAIN BODY ASSEMBLY - ACS SYSTEM 4. DEPI.OYABI.E MESH DIPOLE UNIT (s) 
TETHER REEL AND TENSION SFNSUIIS 
RECE,VMG AND TRANsM-G E I . F C T R ~ ~ S  
GROCND DATA LrnK FI.ECTRONICS 5. A'PTITbiDE CUNTROL J E T  MODULE (9) 
STAR TRACKING SYSTEM 
CFIDANCE AND CONTROL ELECTRONICS 
BOOM ACTUATION MOTOR 
STRUCTURAL SENSORS AND TELEMETRY 
5. TETVER TAPE. ADJUSTABLE 0 - 10,000 METERS 
coNTRox. PRoPELLAm 
BATTERY AND CllARClNO SYSTEM w. SOLAR CELL PANELS - 11s w PT 
'". csM SATE1~lJTE WCKING 'ING 
coNTRoL JET '' 
a. TRIANGULAR TELESOPING HIM - 1 FLXED. 7 MOVING SECTIONS 
11. INTER-SATELLITE DOCKING SIXICTURE 
12. SPAR TRACKER OPTICS (2) 
13. EVA REOTRAINT RAILS 
3. D1WI.E HEAD ASSEMBLY 
Figure 3-2 
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Figure 3-3 
Launch Configuration. The antenna is moun- 
ted within the SLA payload area of theSaturn 
V manned vehicle system utilizing the four 
existing LEM attach points a t  Station 3341 
(Figure 3-4) a No modification of the launch 
vehicle structure is required. The antenna 
is packaged into a v o l u m e  of 1170 cu f t  o r  
about 28% of the available payload volume. 
The 4100 1b experiment uses 17% of the al- 
lowable payload weight. 
Figure 3-4 
plished prior to the antenna separation from 
the mounting structure. The tether mechan- 
i ism and attitude control system check is then 
made bydeploying the satellites to a separa- 
tiondistance of 200 meters. A t  this distance 
the boom and dipole activation systems are 
extended and retracted prior to antenna de- 
ployment to the maximum 10,000 meter tether 
length. Al l  checkout and deployment opera- 
tions a re  initiated and monitored by the astro- 
nauts from within the CSM. 
The mounting structure is also u t i l i z e d  
for the mounting of additional experiments. 
The entire mount is released from the LEM 
attach point by four pyrotechnic latches. The 
crossed-H antenna is retained in the mount 
by a system of eight pyrotechnic latches. 
Deployment. Figure 3-5 shows the orbital 
deployment of the antenna into synchronous 
orbit. In the figure the main deployment se- 
quences are illustrated starting with the sep- 
aration of the CSM and its docking operation 
to the payload mounting structures. Following 
the removal of the payload from the antenna 
assembly using the CSM propulsion system, 
a complete structural and subsystems check- 
out is initiated. The subsystems checkout is 
completed while the antenna is retained on the 
payload mount. The structural operational 
check is completed after ejection from the 
payload mount, 
A gross orientation with respect to the 
desired gravity gradient position is accom- 
The deployment of the antennz is initiated 
remotely by the astronaut from within the 
CSM, thus permitting observation of the de- 
ployment and its termination, if necessary. 
Antenna deployment is automatic with man- 
ned initiation and control; the CSM remains 
in the vicinity of the antenna during the sys- 
tems checkout phase and the initial 14 to 28 
days of operation so that any early malfunc- 
tions may be corrected by the astronaut prior 
to his departure from orbit. 
Orbital Configuration. To gather the de- 
sired scientific information the structural 
geometry of the antenna must be varied as 
shown in Figures 3-6 and 3-7. 
During the 333 days of the source survey 
mission the tether length is gradually re- 
tracted 4 times while the booms and dipoles 
assume a discrete setting for each tether re- 
traction cycle. 
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CSM DOCKING 
2ND ORBIT 
ORBITAL DEPLOYMENT SEQUENCE 
PAYLOAD 
SEPARATION 
2ND ORBIT 
PRELIMINARY 
CHECKOUT 
3RD ORBIT 
INTERFEROMETER 
SEPARATION 
3RD ORBIT 
Figure 3-5 
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BASELINE SOURCE SURVEY MISSION 
I 
CONTINUOUSLY ORIENT INTERFEROMETER 
ENDS SO THAT BOOM AXES CONSTANTLY 
TRACK IN DIRECTION OF TARGET SOURCE 
FOR PERIOD O F  MEASUREMENT 
,O. 5 MHz TO 2.5 MHz 2.5 MHz TO 5.0 MHz 
E X T E N D T E T H E R T O F U L L  
10,000 M LENGTH, POSITION 
AND STABILIZE IN GRAVITY 
GRADIENT ORIENTATION GRADIENT ORIENTATION 
EXTEND TETHER TO 2,000 M 
LENGTH, POSITION AND 
STABILIZE IN GRAVITY 
D A L  MQBE; 
5.0 MHz TO 10.0 MHz 
LENGTH, POSITION AND 
STABILIZE IN GRAVITY 
GRADIENT ORIENTATION 
2. 
ORIENT INTERFEROMETER 
ENDS WITH ROOM AXES 45O 
FROM PLANE O F  ORBIT AND 
9OVROM AXIS O F T E T H E R  
REPEAT STEP 2 
0.4 DAY 
3. 7. 
SET DIPOLE LENGTHS AT 
75 M AND DIPOLE SPACING 
AT 15 M 
150 M AND DIPOLE SPACING 
0.5 DAY 
4. 8. 
REEL TETHER IN CONTINUOUSLY 
AT A RATE O F  42 M PER ORBIT - 
UNTIL TETHER LENGTH IS 
REDUCED TO 125 M 
116.1 DAYS 44.5 DAYS 
I STEPS 1 THRU 8 IM AXES ORIENTED 
STRONG TIME VARYING SOURCE 
OBSERVATION MOD E 
Figure 3-6 
1 X MIN 
REORIENT AND REPEAT FOR NEXT TARGET 
TOTAL TIME PER SOURCE X + 260 MIN 
Figure 3-7 
I I '  2.0 DAYS I 
REPEAT STEP 2 
I ll., .c , 
1 SET DIPOLE LENGTHS A T  37.5 M 
I AND DIPOLE SPACING AT 7.5  M 
I '  I 0.5 DAY 
I 12. 
I IREELTETHERIN CONTINUOUSLY 1 
UNTIL TETHER LENGTH IS 
REDUCED TO 62.5 M 
& 
I REPEAT STEPS 1 THRU 12  WITH BOOM AXES ORIENTED PARALLEL TO PLANE O F  ORBIT AND 90' TO AXIS OF  TETHER 
Much of the time alloted for maneuvering 
and structural variation is spent in waiting 
for damping of induced dynamic oscillation 
of the main booms. The dipoles are retracted 
during adjustment cycles of the tether and 
boom. The average traverse time from 
source to source during the discrete obser- 
vation mode is 10-20 minutes. Lockon time 
is 10 minutes for each desired structural ad- 
j ustment . 
Only one maneuver is required during the 
mapping mode portion of the mission. This 
is a rolling motion about the Z or tether axis. 
This maneuvering about the Z axis provides 
two orientations of the boom axis, one 90" 
parallel to the orbital plane and theother 45" 
to the orbital plane. 
Af te r  the celestial mapping has been com- 
pleted, the antenna is utilized for time varying 
source observation. For this mode the anten- 
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na is again rotated about the tether axis, a s  
well as pitched about the Y axis, which is 
also perpendicular to the tether axis (Figure 
3-8). This haneuvering capability provides 
for extended lockon time, a much greater 
latitude of time during which a target may be 
read. For the discrete source observation 
mode, the satellites are mechanicaly set for 
two individual frequencies: 0.5 to 2.5 MHz 
ai 
The primary dictates for the geometrical 
shape of the center body are the satellite 
power requirements and the resulting solar 
cell area and arrangement. The centerbody 
configuration is a 26-sided figure octagonal 
in cross section. This results in a surface 
which is c o m p o  s e d of eighteen 30 X 30 in. 
square panels and eight 30 in. equilateral tri- 
angular panels. Fifteen of the square panels 
and seven of the triangular panels are used 
for the solar cellarray. The solar cell pan- 
els are of modular design to provide inter- 
changeability for malfunction repair and 
maintenance by the astronaut, Defective cell 
modules are not removed from the satellite 
but are overlaid by the new panel. The re- 
placement panel snaps into place and requires 
no fasteners. Electrical connection is made 
automatically as the panel is snapped in place. 
Figure 3-8 
3.4.2 STRUCTURAL MECHANICAL DE- 
SIGN. The final structural design is the re- 
sult of the modifications imposed on an opti- 
mum antenna configuratiqn by such con- 
straints as thermal and dynamic distortion, 
systems reliability, and the modifications 
required to optimize man's role in the mis- 
sion. A weight summary is provided in Fig- 
ure 3-9. 
The structural/mechanical design effort 
was concentrated on four major components: 
(1) the centerbody, (2) the deployment booms 
(3) the dipole head assemblies, and (4) the 
tether and its deployment mechanisms. 
SRTUUTE I1 ' 
STRUCTURE 
** ELECTRONICS 
RCS 
POWER 
EVA PROVISIONS 
TETHER ASSEMBLY 
546 
244 
359 
267 
212 
56 
1.684 
-
CONTIHGEHCY 316 
10% STRUCTURE 
50% ELECTROWICS - 
5 4 6  
244 
359 
334 
212 
56 
1,7 5 1 
350 
-
2,101 TOTAL WEIGHT . 2'ouo 4,101 LB. 
Figure 3-9 
Figure 3-10 shows the general center body 
structural and equipment arrangement. Sat- 
ellites 1 and 2 are identical except for a few 
minor differences in the electronic subsys- 
tems. Enclosed within the centerbody are 
the various electronic subsystems such as 
the data receiving and transmitting systems, 
telemetry, autopilot, and star tracking sys- 
tems. Also within the centerbody are the two 
fixed deployment boom sections Erom which 
the extendible sections are deployed. The 
tether deployment and length counter system 
is duplicated within the centerbody of both 
satellites for  increased reliability since it 
would be extremely difficult to repair or re- 
place by EVA. Ten thousandmeters of tether 
areprovided, 5000 meterson each reel. The 
tether is replaceable by the astronaut. 
The boom deployment motor is also within 
the center module. A single package houses 
adual motor, one of whichis redundant. The 
single dual motor module provides for both 
the extension and retraction of both booms. 
The motor module is replaceable by EVA. 
Access is through a hinged solar cell modu- 
lar panel. The spent unit is removedand the 
new unit clamped in place without the use of 
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The moving sections are extended by a 
gear and rack system. The gear is actuated 
by a tape drive. Retraction is done by a single 
tape running through guides on the boom.  
Rollers at all three corners run on tracks 
provided on the inside of the corner cap mem- 
bers of the preceding member. 
The dipole head assembly consists of an 
equipment box, dipole actuation motors, di- 
pole deployment units, and the attitude con- 
trol  system required for yawabout the tether 
axis and pitch and translation about and along 
Figure 3-10 
fasteners o r  special tools. Also contained 
within the centerbody is the attitude control 
system required for  tether extension and re- 
traction and roll about the Y axis and trans- 
lation along the X axis (see Figure 3-8). The 
cold gas propellant (N2) tankage for these jets 
is also within the centerbody. The tank may 
be refilled by the astronaut by connection to 
an external fitting. 
A docking ring is provided on both the sat- 
ellites thus providing docking capability for 
the CSM during any EVA activity. The booms 
and dipole elements are completely retracted 
prior to the docking operation, thus reducing 
the possibility of structural damage. EVA 
distances are also reduced to a minimum. 
The extendible boom sfructure is composed 
of seven sections and one fixed section (Fig- 
ure 3-11). The sections are triangular in 
cross section. The side webs of eachsection 
are built up of aluminum alloy sheet metal 
and are riveted to the extruded aluminum 
corner cap members. 
Figure 3-11 
the Y axis iFimre 3-12). 
Figure 3-12 
Provisions are made for complete head 
assembly overhaul a t  the time of gross orbi- 
tal refurbishment by the astronaut. Design 
of the head assembly provides for repair and 
refurbishment by modular replacement for 
the dipole drive motor, the dipole deploy- 
ment units, and the attitude control module, 
which contains the jets, control valves, and 
pressure regulator assembly. A faulty dipole 
deployment unit is replaced by unlatching the 
unit androtating it 90" on its hinged base and 
then plugging in the new unit utilizing the 
same snap-on fasteners. The attitude control 
system module is repaired by plugging in a 
new unit on top of the faulty assembly; pres- 
sure and propellant is automatically trans- 
ferred to the new unit. The dipole deploy- 
ment motor unit is replaceable by swinging 
the faulty unit aside and inserting the new unit. 
The attitude control propellant is replen- 
ished by the same method described for the 
center body supply. 
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The tether system consists of the tether 
tape , deployment reels, tension sensors, de- 
ployment motors, and intra- satellite distance 
and position sensing equipment. See Figure 
3-13. 
Figure 3-13 
The problem of tether severing by me- 
teoroid impact is minimized by u s i n  g a flat 
tape of 1/2 mil by 1.00 inch mylar. Solar 
pressure and the resulting bowing of the tether 
is minimized by offsetting the center of pres- 
sure and center of cross sectional mass 
through the use of a bi-colored tape. This 
produces a "weather vaning' effect on the 
tether. 
The deployment reel and tension sensing 
system is duplicated in each satellite, thereby 
furnishing a backup system should either sys- 
tem fail. The intra-satellite distance sensing 
equipment is used to activate the attitude con- 
trol system, whichprovides the required im- 
pulse for tether stability. A single motor is 
provided in each satellite so that the drive 
actuation system is also redundant. 
3.4.3 DYNAMICS. The dynamic behavior 
of this concept is anticipated to be satisfac- 
tory. More detailed analyses are required in 
two areas to support the preliminary work. 
These areas are tether-satellite behavior and 
docking. Active attitude control of each sat- 
ellite is provided, making possible both 
source lockon observation and scan orienta- 
tions in other than the gravity gradient stable 
position. 
The major problem inherent in the dynam- 
ics and attitude control technology area for 
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the crossed-H concept as envisioned in this 
study is best stated a s  a credibility problem, 
This is the dynamic behavior of the tether and 
the two satellites, particularly during the 
slow separation change operation. It is be- 
lieved that the presence of active control of 
each satellite and the computer will allow 
control of the structure to the desired dy- 
namic behavior. This assumption will have 
to be the subject of a detailed simulation dur- 
ing future work. 
Dockingdynamics have not been examined. 
Since the individual satellite is small com- 
pared to the CSM, the docking impulse im- 
parted to the satellite, particularly for  anon- 
latch contact, may cause appreciable motion. 
Satellite deflection will be minimized by shock 
absorbers and retraction of booms and dipoles 
during docking. 
The dynamic behavior of the crossed-H 
dipoles are of primary concern. Estimates 
of their dynamic characteristics show that 
the dipole oscillations will be &thin accep- 
table limits. Boom oscillations should be 
smaller. 
Each of the two satellites have nearly iden- 
tical attitude control systems. These sys- 
tems maintain the desired orientation and, 
acting together, control the motion of the 
complete experiment. 
An all-jet N2 system has been selected. 
Inclusion of inerita wheels would not save 
weight, and reliability improvement has not 
been demonstrated. Propellant selection of 
N2 was made on the basis of higher reliabil- 
ity withacceptable associated weight and vol- 
ume penalties. 
J e t reliability i s extremely important. 
Some of the jets have functions which can be 
supplied by other jets, at the expense of 
lighter-than-planned propellant consumption 
froma particulartank. Some of the jetshave 
functions which cannot be performed by other 
jets, in which case the experiment isdiscon- 
tinued until they are repaired. 
3.4.4 THERJYXODYNAMICS. Thermal dis- 
tortion was computed for the extending boom 
and for the dipole elements. Computer soh- 
tions were employed due to the complex geom- 
etry and associated conduction/radiation heat 
flow. 
Results revealed that boom distortion could 
be reduced by nearly a factor of four by utiliz- 
ing white paint (to obtain low absorptance 
and high emittance) and by staggering the web 
pattern on the boom faces (to allow internal 
illumination). A total angular displacement 
of 2.2 degrees was calculated for the 30- 
meter boom. 
It is recommended that the dipole elements 
be constructed of wire screen material to min- 
imize distortion. A good thermal conductor, 
beryllium/copper, is used for the circum- 
ferential wires while the thermal expansion 
is reduced byusingelgiloyfor the longitudinal 
wire. Furthermore, the use of silver plating 
was shown to reduce deflection by more than 
a factor of five. Distortion is not sensitive 
to wire diameter but is nearly linearly pro- 
portional to the mesh size. Analysis of the 
final dipole design resulted in maximum tip 
deflection of about 4.5 meters for the 1.5- 
inch-diameter tube fully extended to 75 meter 
length. See Figure 3-14. 
/" --- THERMAL DEFLECTION - DYNAMIC DEFLECTION 
Subsystem orbital environment was deter- 
mined by evaluating the thermal balance on 
the main body housing including internal power 
dissipation. While in the sun, the average 
temperature within the mainbody will be be- 
tween 40" F and 66" F. Cooling occursduring 
transit through the earth's shadow. It was 
estimated that the equipment would emerge 
at about 30" F. 
3.5 EVA PARTICIPATION 
The functionof man has been analyzed and 
reflected in the basic design of the vehicleto 
provide not only the greatest possible assur- 
ance of mission success, but also to show 
man's capabilityto perform the EVA tasks 
necessary for successful operation. Man's 
role in the overall mission profile is to serve 
in the areas of deployment observation, check 
out, malfunction r e p  a i r , and gross refur9 
bishment (Figure 3-15). 
The basic satellite systems and component 
parts have been analyzed with respect to ex- 
pected failure rates, astronaut capabilities, 
hazards and overall system cost. This an- 
alysis serves a s  the basis on which the opera- 
tional mode of each system is selected. A 
component part failure analysis is used to 
determine whether the part should be redun- 
dant or replaceable by the astronaut. Using 
this approach, man's activities have been de- 
signed into the mission only when justified on 
the basis of increased probability of mission 
success. 
Figure 3-14 
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Figure 3-15 
All  equipment replaceable by EVA has been 
designed to be removed and replaced by sim- 
plepullpin o r  lever action mount. The elec- 
trical and mechanical interfaces are generally 
completed in one simple step. 
The CSM is docked to the satellite for all 
maintenance and refurbishment work which 
is done by EVA. The booms and dipoles are 
retracted to minimize the EVA work area; 
this allows all work to be done using a 50- 
foot tether. See Figure 3-16. 
Figure .3-16 
3.6 RDT&E 
The purpose of the research, development. 
test, and engineering plan is to provide the 
planning documents and information which 
define all steps required to achieve a func- 
tioning orbital antenna. The following are 
included in Volume 111 for the crossed-H in- 
terferometer: (1) work breakdown structure; 
(2) prerequisite orbital experiments; (3) re- 
search, manufacturing, test, and support 
plans; (4) schedule; and (5) cost analysis. 
Only one new facility is identifiable a t  this 
time: a zero-g deployment facility. Deploy- 
ment of the telescoping truss booms in the 
horizontal position will require an overhead 
track system which will support the assembly 
by negator springs. An alternate approach 
would require a 60-foot vertical tower with a 
pulley-counter-weight system for upward ex- 
tension of the boom. 
Prerequisite orbital experiments which 
(1) establish EVA locomotion loads on the 
structure and (2) demonstrate the practic- 
ability of tool and equipment 
remotely positioned EVA astr 
desirable and increase the probability of ac- 
complishment of the mission. Two additional 
areas in which technological advancement 
would support this program are in the be- 
havior of tethered, gravity gradient stabilized 
satellites in synchronous orbit andin the dy- 
namic/thermal behavior of long, extendible 
elements. These may be verified prior to 
orbit of the crossed-H interferometer by 
planned and proposed orbital tests by GSFC, 
suchas the radio astronomy experiments and 
the tethered orbiting interferometer. 
Design of the crossed-H interferometer is 
based on current state of the a r t  in develop- 
ment of materials and construction details. 
While not specifically required, research in 
such areas a s  the manufacturing techniques 
for screenboom tubing and dynamic analytical 
models of complex space structures will con- 
tribute to performance, cost, o r  schedule im- 
provements, 
Manufacturing processes required to fab- 
ricate components a re  essentially those pro- 
cesses and techniques familiar to airframe 
and aerospace manufacturers. The basic 
facility requirements for fabrication, assem- 
bly, and checkout of the structure and various 
systems consist primarily of conventional 
cable/electronic package fabrication and test 
equipment. No unusual problems are envi- 
sioned in the test areas. 
The schedule summary inFigure 3-17 in- 
dicates a five year development program, 
resulting in a mid-1972 launch. 
Funding requirements for the antenna pro- 
gram a re  summarized in Figure 3-18. This 
includes one flight experiment vehicle only, 
with no backup flight article. 
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Figure 3-17 
. _. .
NONRECURRING $20.70 
DEVELOPMENT $19.80 
GSE/STE 0.80 
FACILITIES 0.10 
RECURRING (UNIT COST) 7.30 
TOTAL S Y S T E M  C O S T  $28.00 
Figure 3-18 
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SECTION 4 
FOCUSING X-RAY TELESCOPE 
4.1 INTRODUCTION 
This section summarizes the results of the 
study of a large orbital focusing x-ray tele- 
scope. 
The basic study ground rules u s e d were : 
S-IB Manned Launch around 1974 - 1975 . 
Circular 260 n.mi. orbit at 28.5O incli- 
nation or less. 
a. 
b. 
c. M i s s i o n  l i f e t i m e  greater than three 
years. 
Grazing incidence lens diameter r a n g e 
20 to 40 inches. 
d. 
e. Ma n n e d resupply/repair flights as re- 
quired. 
f O r b i t  a 1 crew activities constrained to 
MSC "Baseline Astronaut 1968 to 1970 .If 
The study emphasized the major engineer- 
ing p r o b 1 e m s concerned with the following 
areas: 
Structural Design and Analysis 
Mechanical Design 
Packaging 
Materials 
Subsystems 
Alignment 
Dynamic and Thermal Analysis 
Determination of man's role i n Deploy- 
m e n  t , Operation, and Maintenance of 
the System 
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The following principal conclusions have 
been reached: 
To the extent of the analysis performed it 
is feasible to design, develop and deploy a 20- 
to 40-inch diameter grazing incidence x-ray 
telescope prior to 1995 which will image soft 
x-ray sources to 1 to 5 arc seconds resolu- 
tion and perform spectrographic and polar- 
ization measurements. 
a. 
b. 
C .  
d. 
e. 
The telescope system can be orbited by 
a manned Saturn IB with adequate reserve 
payloadweight and volume for growth and 
additional experimsnts. 
Three to four segmentnested mirrors in 
the 20- to 40-inch diameters can be de- 
veloped within five years after go-ahead; 
eight to ten segment assemblies will re- 
quire an additional 1-1/2 years. 
The primaryscheduled role of man is to 
control and assist initial deployment , bi- 
annually resupply expendables, replace 
s h o r  t lifetime components , and update 
the vehicle capability by adding new or 
redesigned equipment. 
Man's unscheduled a c t  i v i t i e s will in- 
crease mission reliability and operation- 
a l  lifetime by repair and replacement of 
failed or damaged modules. 
Telescope structures can be d e s i g  n e d 
with adequate rigidity, deployment relia- 
bility, and thermal stability or appro- 
priate thermal distortion compensation 
systems for the 20- to 40-inch lens di- 
ameters; structures for lens diameters 
greater than approximately 50 inches will 
require less reliable high expansion ra- 
tios to meet the S-IB manned launch en- 
velope. M a x i m u m  lens sizes for the 
unmanned envelope have not been deter- 
mined. L e n  s focal-length-to-diameter 
ratios of 1 0  to 1 or greater were assumed. 
The orbital deployment sequence of the x- 
ray telescope is shown in Figures 4-1 and 
4-2. 
4.2 FLIGHT OBJECTIVES 
The primary flight objectives of the x-ray 
telescope a re  threefold: 
a. Evaluation of the role of man in the de- 
ployment, a s s e m b l y , alignment, and 
maintenance of a large space structure. 
b. Advancement of structural /mechanical 
technology by orbiting s t r u c t u  r e per- 
formance evaluation. 
c .  Provide a s t r u c t u r e  to fulfill a useful 
scientific /technical mission. 
The evaluation of man's sole to provide in- 
valuable date on the capability of man in space 
will be achieved by standard biomedical data, 
obtained on a real time basis for maximum 
crew safety. Man's effectiveness or  difficulty 
in performing the various tasks will be ana- 
lyzed through the specific heart rate,  body 
temperature, and metabolic expenditure data 
in addition to voice communication recordings. 
Photographs o r  TV of all critical EV activity 
would be essential to establish the reasons 
for any failure to accomplish an objective and 
would contribute to modification of equipment 
and procedures on future flights. An evalua- 
tionof thevalidity of assumed time spans for 
task accomplishment will provide particularly 
significant information for f u t u r e designs. 
All  procedures will be rehearsed with neutral 
buoyancy or workshop simulation to verify the 
task validity and familiarize the astronauts 
with the tasks. Biomedical data will be re- 
corded in the rehearsals for comparison to 
t h e  flight data. This will provide invalu- 
able data to guide planning of the advanced 
missions. 
F'igure 4-1 
Figure 4-2 
The ultimate structural f 1 i g h t objective 
will be to perform the desired mission with 
a structure which is an improvement in the 
state-of-the art in orbiting structures. Since 
structure behavior in terms of stiffness and 
thermal stability affect the imaging resolu- 
tion, the extent of any structure excursions 
must be monitored to properly evaluate the 
performance of the mission instrumentation. 
Conventional instrumentation of strain gages 
and thermocouples will be used to determine 
specific member strains and temperatures at 
strategic points on the structure, The over- 
all optical axis distortion will be computed 
routinely by an active lens alignment system 
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for use in the navigation system. This time 
phased data will provide an excellent record 
of the structure behavior i n  v a r i o u s orbit 
positions and will show the effect of the orbit 
duration on thermal coating. 
5' RRC OfFSET 
WITHIN l'xl' ARC 
<I" ARC/SEC. 
X/AX 100 TO 
UP TO 360 MlH. 
2 TO 300 A 
1.000 
If further study produces s u f f i c i e n  t 1 y 
thermally stable materials for the structure 
which would eliminate the lens alignment sys- 
tem, a similar angle and offset laser system 
can be used to generate the total distortion 
information. The degradation of bearing or 
increase in friction of the continuously func- 
tioning mechanical systems will be recorded 
by monitoring drive motor input power; this 
applies particularly to assemblies such as the 
equipment turret bearings which are extreme- 
ly difficult, if not impossible, to replace in 
the current concept. 
5' ARC OFFSFI 
l'xl' ARC 
51" AAC/SEC. 
U P  TO 90 MlH. 
2 TO 300 A 
1,000 
The ultimate scientific objectives of stellar 
x-ray astronomy as summarized by the Woods 
Hole report are: 
% a. 
b. 
C. 
d. 
e. 
f. 
g. 
Search for discrete sources loe3 to 
times weaker than observed to date. 
Precise x-ray source location to within 
1 arc m i n u t e  for possible correlation 
with optical or radio sources. 
Structural s t u d  i e s of discrete sources 
with less than 5 arc sec resolution. 
Spectral distribution studies of discrete 
sources. 
Polarization studies of discrete sources. 
Directional and spectral study of diffuse 
radiation. 
Search for intensity time variation of dis- 
crete sources. 
Solar investigations differ from stellar 
vestigations only in the angular size and 
tensity of the solar disk and radiation. 
in- 
in- 
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The analysis of the nominal 3 O-inch diam- 
eter telescope indicates that the majority of 
desired scientific goals for the 1970 to 1975 
time period can be met except for the lens 
resolution goal of 1 arc sec. A more real- 
istic manufacturing resolution goal is 2 to 5 
arc sec. 
4.3 TELESCOPE PERFORMANCE 
The initial phase of the study involved an ex- 
tensive investigation of scientific user re - 
quirements, the specific measurements, tol- 
erances, andlimits which would be necessary 
for the x-ray facility to satisfy the third flight 
objective. The user goals summary is com- 
pared to the anticipated performance of the 
telescope design in Figure 4 - 3. The pro- 
posed design is a high resolution device with 
a narrow field of view and consequently best 
suited to precise measurements of known or 
FIELD OF VIEW 30' ARC 
RESOLUTION I $k%!%lfR 1 l"T0 5" ARC 
POINTING CAPABILITY 
LOCK-ON ACCURACY 
IlTTER 
LOCK-ON TIME 
BANDWIDTH 
SPECTRAL RESOLUTION 
POLARIZATION I YES I YES 
Figure 4-3 
previously identified sources. The events of 
a typical observation cycle are shown on Fig- 
ure 4-4. The comparison shows that the base- 
line design will satisfynearlyall of the meas- 
urement requirements. The proposed 90 - 
minute lock on time can be increased to 360 
minutes for a 400 lb vehicle weight penalty. 
Figure 4-4 Figure 4-5 
4.4 CONFIGURATION DESCRIPTION 
Selected configuration for the focusing x-ray 
telescope with a 30-inch nominal lens diam- 
eter is shown in Figure 4-5. 
4 .4 .1  PRIMARY STRUCTURE. The basic 
structure consists of two telescoping t russ  
assemblies fabricated with thin -walled, 2- 
inch diameter titanium tubes attached to pre- 
cision cast socket fittings. The 40 - foot de- 
ployed truss assembly tapers from a maxi- 
mum depth of 13.3 feet to 8.7 feet on the aft 
end, and 40  inches on the forward end, This 
geometry provides maximum structural stiff- 
ness consistent with the booster launch en- 
velope.. See Figure 4-6. 
Preliminary structure concepts evolved 
octagonal geometries to p r o v i  d e maximum 
solar heating symmetry for a fully shrouded 
vehicle. The cross section was changed to a 
square for simplicity when thermal distortion 
a n  a 1 y s i s showed little improvement in the 
structure distortions with a full shroud. The 
open structure has the further advantages of 
maximum access, m i n i m u  m weight, a n  d 
minimum aerodynamic drag. 
The truss tube size was selected for astro- 
naut hand grip compatibility rather than stress 
or stiffness requirements, which are very low. 
Figure 4-6 
The ratio of d e p l o y e d  to stowed structure 
length is 2/1; therefore, a simple rail-guided 
slider extension system is used for maximum 
reliability. The sliding truss sections a re  
positively 1 o c k e d together after extension, 
thus eliminating all joint slack. 
A few of the other structural concepts con- 
sidered and their advantages and disadvan- 
tages are shown on Figure 4-7. 
Materials. The x-ray telescope truss ma- 
terial ranks second only to structure geometry 
in affecting the overall optical axis stability. 
In addition to the normal structural material 
properties of interest such as density, modu- 
lus of elasticity, and allowable stress,  the 
thermal coefficient of expansion is of partic- 
ular importance in the design of any telescope 
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Figure 4-7 
structure. The x - ray telescope, like most 
orbital vehicles, is not subjected to any high 
post-launch loading during its primary mis- 
sion with the exception of docking loads, which 
do not impose critical design constraints on 
the overall structure. The most serious en- 
vironmental effect on the telescope structure 
is distortion caused by uneven solar heating 
due to unsymmetrical sun orientations. See 
Figure 4 - 8. The initial telescope structure 
utilized beryllium for maximum stiffness and 
weight. Titanium was used when the stiffness, 
weight, a n d  astronaut impact effects were 
analyzed. Although titanium was used on the 
final configuration it seems likely that another 
complete iteration of vehicle inertias, stiff- 
ness, and thermal distortions may well show 
that one of the low e x p a n s i o n  iron-nickel 
alloys, perhaps Invar, would be the optimum 
choice. The reduction in expansion coeffi- 
cient which these alloys provide will probably 
eliminate the requirement for the active lens 
alignment system proposed here. Detailed 
examination of the effects of a magnetic basic 
structure on the systems and vehicle torques 
must be undertaken before this choice can be 
made safely. The higher density iron-nickel 
alloys will result in a 240 lb weight penalty 
over titanium, which is not significant. 
Truss Extension System. The forward lens 
truss assembly, secured inside of the primary 
Figure 4-8 
truss during launch, is extended to the de- 
ployed position by an electromechanical cable 
run - around system. Forty-inch-long guide 
sliders on the lens truss ride on four parallel 
rails a t  t a c h e d to the primary truss. The 
critical alignment between truss assemblies 
is accomplished by the lens alignment system 
simplifying the design of the track-slider sys- 
tem. See Figure 4-9. 
Figure 4-9 
The extension system primary activation 
power is provided by two 1/4 hpelectric mo- 
tors which, through reducing gear boxes and 
synchronizing torque shafts, rotate four cable 
capstans. The cable system is pretensioned 
andreversible; i f  a failure occurs, or  appears 
evident to the CSM crew controlling deploy- 
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ment, the operation may be stopped or re- 
verseduntil the malfunction is corrected. The 
drive motors a re  redundant and in the event 
that both fail, the gear boxeshave provisions 
for EVA portable drill motor plug-in to de- 
ploy the lens. At the fully extended position 
the two trusses are rigidly locked together at 
eight places and the four forward cable guide 
sheaves are shifted aft to relieve the cable 
tension. The cable s y s t e m reliability ap- 
proaches 100% with astronaut backup. The 
forward lens shade is automatically extended 
by cables during t h e  final truss extension. 
Lens Group Assembly. The x-ray telescope 
lens g r ou p assembly i s separable from the 
truss a s s e m b l y  at one of the gimbal axes, 
and consists of the following subassemblies 
(see Figure 4-10): 
a. Lens Shroud Assembly 
b. Sun Filter Assembly 
c . Gimbal Ring Assembly 
d.  Sun Shade Assembly 
e. Reflecting Lens Assembly 
f. Optical Telescope 
g. Alignment System Reflector Package 
. 
Lens Shroud Assembly. The lens shroud as- 
sembly consists of a traveling structural sup- 
port ring approximately 50 inches in diameter 
and 18 inches long. The ring contains trun- 
nion points for the outer Y axis lens gimbal, 
holddown points for the lens launch tiedown, 
jack screws for adjusting the focal length , and 
supports for the sun shade and extension tubes. 
A sun filter is mounted on the forward end 
of the ring to shield the lens and imaging equip- 
ment from the UV radiation during solar ob- 
servations. The filter consists of four an- 
nular segments of 1/4 mil beryllium sheet 
spring-loaded to fail open. The filter closing 
mechanism is a small electric motor , cable 
driven; pyrotechnic cable cutters would b e 
used to open the filter if the drive motor or 
gear box malfunctioned. 
LENS GROUP ASSEMBLY 
Figure 4-10 
Gimbal Ring Assembly. The gimbal ring as- 
semblyis a part of the lens alignment or op- 
tical a x  i s adjustment system. The gimbal 
assembly is shown on Figure 4-11. 
The inner gimbal assembly provides X axis 
trunnions for the mirror assembly. Gimbal 
power for both axes is provided by stepping 
motors in conjunction with negligible back- 
lash r e d u c t  i o n  gearing like the harmonic 
drives. High accuracy encoders sense the 
lens rotation angles and transmit the data to 
the navigation system. Changes in lens ro- 
tation constitute a shift in the vehicle optical 
axis, with respect to the star trackers and 
inertia wheels. The inner gimbal motors a re  
extremely difficult to replace by EVA and will 
probably be required to operate for the entire 
x-ray telescope mission lifetime. 
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Figure 4-11 
Lens Sun Shade Assembly. The sun shade 
assembly prevents off - axis solar radiation 
from striking the lens. The assembly is a 
tube of woven, impregnated fabric , collapsed 
during launch and extended by the force of the 
lens truss extension. The fabric is supported 
by a forward metallic ring attached to four 
tubes which a r e  in turnsupported by the lens 
shroud ring. The geometry shown is suffi- 
cient , w i t  h additional internal baffle rings, 
to shield the lens from direct solar heating 
when the telescope is pointed greater than 40" 
from the sun. A similar shade behind the lens 
does not require collapsing and can be attached 
to the lens truss. The forward shade can be 
designed for shielding a s  close a s  20" to the 
sun. It is anticipated that sufficient stellar 
sources will exist to permit considerable se- 
lectivity in viewing angles with respect to the 
Sun. 
Reflecting L e n s Assembly. The principal 
structural element in the x-ray telescope is 
the reflecting mirror system. The grazing 
incidence mirrors are formed of parabolic- 
hyperbolic surfaces. The effective aperture 
of grazing incidence optics is small compared 
to overall surface area because of the necess- 
ity to reflect the incoming x-rays at very small 
angles, pelow 1" in the shorter wave lengths 
2 to 10 A. Increased aperture area is best 
achieved by multiple confocal mirror seg- 
ments; the multiple design also tends to bal- 
ance the reflection coefficients throughout a 
wider range as each mirror has a different 
efficiency due to the change in grazing angle. 
See Figure 4- 12. 
MIRROR ASSEMBLY 
---22.50 - 
. *5,00 - .- - - --- 
Figure 4-12 
The theory and design of grazing incidence 
lenses is c o v e r e d in detail in Volume I V. 
American Science a n d  Engineering, hc.  
provided Convair with the g e n  e r a 1 mirror 
surface tolerances required to meet the scien- 
tific community 's measurement objectives. 
A parametric study was performed to eval- 
uatethe effect of the 20- to 40-inch lens size 
range on the total vehicle. This study was 
based on preliminary costs, which increased 
a s  detail was developed; however, the per- 
centage change in the various areas remained 
roughly constant and therefore the results are 
believed to yield significant trends. 
Simplified equations were developed f o r 
lens sizing, weight, aperture area,  and op- 
tical (surface) area. These values were used 
with specific costing assumptions. The re- 
sults of the analysis are shown in Figure 4- 
13. The curves indicate that the unit hard- 
ware cost per unit area of aperture decreases 
with lens sizes at  least up to 40 inches. This 
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is expected because of the high cost of instru- 
mentation equipment and vehicle subsystems 
which a re  nearly constant for lens diameters 
between 20 and 40 inches. T h e  increasing 
cost effectiveness would be expected to re- 
duce up to lenses of 50 inches. Beyond this 
size the cost-aperture slope is uncertain a s  
new structure concepts are required because 
of packaging limitations. 
Mirror Materiails. A cursory evaluation of 
lens materials has been conducted primarily 
from a feasibility aspect. No attempt can be 
made to optimize mirror materials until a 
mission is d e  f i n  e d specifying the primary 
spectrum of interest , vehicle to sun orienta- 
tions, etc. Current x-ray mirrors are being 
manufactured of fused silica , beryllium, 440 
stainless s t e e 1 , electroformed nickel, and 
aluminum. Surface coatings, such a s  Kano- 
gen, are used to add a material which has 
more desirable reflection characteristics or 
is easier to polish or figure than the base ma- 
terial. The mirror material selection is quite 
sensitive to the thermal environment and de- 
tailed thermal transient analyses of various 
designs will be necessary to calculate t h e  
exact temperature excursions and distortions 
of the mirrors. If the increased weight can 
be neglected, whichappears true for the sizes 
up to 40 inches, the low coefficient glasses 
are a probable choice because of better therm- 
al stability. 
Image Capsule Assembly. The image capsule 
is the prime reference base. for the orbiting 
vehicle. It contains the mission scientific re- 
ceiving equipment, the navigating equipment, 
power conditioning, command/control and te- 
lemetering equipment , and d o  c k i n g provi- 
sions. The capsule is temperature controlled, 
but is not pressurized. See Figure 4-14. 
IMAGE CAPSULE 
Figure 4-14 
Geometrical Arrangement. The basic cap- 
sule diameter is 54 inches and the length is 
48 inches. Insulation is added outboard of 
these basic d i m e n s i o n s. The structural 
arrangement consists of cross and vertical 
beams, walls, and tension straps, Double 
cruciform beams 15 inches apart form bulk- 
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heads at the forward apd aft ends of the module. 
Post members connect the forward and aft 
bulkheads at three of the four apexes formed 
by the double cruciform. The fourth apex is 
the pivot axis for the x-ray receiving equip- 
ment turret. The primary construction ma- 
terial is 2024 aluminum alloy. All internal 
equipment and walls are accessible to an as- 
tronaut throughthe access doors. Most equip- 
ment is immediately inside the access doors 
on swing-out racks. 
The c a p s u l  e contains four access bays. 
Bay I contains the x-ray receiving equipment 
mounted on a turret which has seven stations, 
two imaging, two polarimetry, one crystal 
spectrometer , and two empty stations for un- 
assigned equipment. The turret rotates each 
station to the focal plane of the primary x-ray 
mirror. See Figure 4-15. 
The image capsule access doors are lou- 
vered thermal control doors with built-in foot 
constraints to permit the EVA astronaut to se- 
cure himself to the door and open it by port- 
able electric drill motor. The astronaut is 
then securely anchored to a good work site for 
access into the image capsule. 
Docking Assembly. The telescope satellite 
is equippedwith a LEM docking cone supported 
on shock mounts for docking with an Apollo 
CSM. Docking is required for the initial ex- 
traction of the telescope from the SLA and 
post deployment orbital docking for servicing 
and/or repair. 
Solar Panel/ACS Assembly. Four A-frame 
support booms are  hinged from the main cross 
members of the primary truss in the same 
p l a n e  as the SLA attachment points. The 
frames support four solar p a n  e 1 s and four 
attitude control modules consisting of three 
1/2 lb H202 thrusters. The assemblies are 
deployed prior to truss extension, and once 
deployed provide vehicle stabilization. The 
boom deployment mechanisms are reversiible 
permitting the astronauts to replace ACS mod- 
ules and solar panels while firmly anchored 
to the p r  i m a r  y t russ  structure. The ACS 
modules are designed so that new packages 
can be attached on the outboard end of the ex- 
pended module only with a quickrelease me- 
chanical fitting and an electrical connection. 
The solar cell panels are rigidcells on flexi- 
ble substrate to permit them to be stowed, and 
transported to the worksite in compact rolls. 
See Figure 4-16. 
SOLAR PANEL/ACS ASSEMBLY 
Figure 4-15 Figure 4-16 
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Launch Support and Separation Systems. In 
addition to the four p r i m a r y SLA reaction 
points, the x-ray telescope design includes 
provisions to support the following assem- 
blies during the boost phase: forward truss, 
ACS/soIar panels, reflective mirror assem- 
bly, and the image capsule equipment turret. 
Al l  of these systems are designed for remote 
release with EVA backup except that the turret 
restraints are removed by EVA. 
4.4.2 SUBSYSTEM DESIGN. The following 
vehicle subsystems were synthesized for the 
x-ray telescope in order to develop a realistic 
total vehicle predesign regarding weight, vol- 
ume, and power requirements, in addition to 
investigating subsystem feasibility: electrical 
power and distribution, command, navigation, 
data, telemetry and computerized a t  t i t u  d e 
control, The mission-oriented telescope in- 
strumentation and optical drift tracking sub- 
systems were conceived through consultation 
with American Science and Engineering, Inc. 
The lens a 1.i g n m e n t subsystem was de- 
signed after structural analysis indicated that 
the thermally induced distortions of the struc- 
ture would, at times, exceed the maximum 
allowable limits of 8 to 15 arc  seconds. 
Electrical P ow e r System, The electrical 
power subsystem consists of an omnidirec- 
tional, fixed solar panel array, batteries , and 
conditioning and distribution equipment. 
such batteries a re  carried to enhance system 
reliability. The Mallory Company Amp-Gate 
Charging System was assumed for charging 
control. The total weight of the electrical 
power system is 304 lb and the internal vol- 
ume requirements a re  4960cubic inches. The 
externally mounted solar cells occupy 7-1/2 
cubic feet. 
Command System. The command system is 
designedto respond to approximxtely 100 re- 
mote command functions in the operation of 
the telescope and associated equipment. The 
commands will include deployment, vehicle 
pointing, control of sun shield, gratings, in- 
strument turret , and selection and modes of 
operation o f data s t o r a g e and multiplexing 
equipment. 
The command system receives digital data 
from ground stations, certifies it, determines 
the system and function to which it i s  ad- 
dressed, and routes it to the function. The 
system consists of two command receivers, 
a signal selector, a detector-decoder, inter- 
face and buffer storage, relay drivers, and a 
relay assembly. 
The programmed codes will operate relays, 
reload or up-date computer instructions, up- 
date timing generator with time works, reset 
relay groups, and test the system. The re- 
ceived command work will be checked and re- 
turned on telemetry link for verification. If 
e r r o r  s occur, retransmission will be re- 
quested. If verification is made, an execute 
command is transmitted from the ground. A 
tone decoderwill also be included for backup 
and emergency operation. 
The average power to supply the various 
systems will be 260 watts with a peak power 
of 450watts. Solar cell power is supplied for 
an average of 65% of each orbit. The solar 
cell system consists of four 35-square-foot 
panels designed for projected performance of 
13.5 watts/ft2. These v a l u e s  are slightly 
more conservative than industry projections 
for the 1972 time period. 
The command system weighs 11.5 lb and 
requires 248 cubic inches of space internally. 
The command system maximum power con- 
sumption is 15 watts. 
The required battery capacity is 580 watt 
hours based on a 30% depth of drain; three 
Navigation System. The x-ray telescope navi- 
gation system utilizes ground-based sensor 
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and computer facilities as much as possible 
to improve orbital system reliability since 
the information to be transmitted is small, 
andcontinuous groundcontact is not required. 
The ground-based functions will include orbit 
determination, orbit integration, source pro- 
gramming, star tracker pointing and control 
of drag velocity loss. 
The vehicle operates with two star trackers 
and a solar sensor; a third backup star tracker 
is installed and kept shielded from the space 
environment until needed. The solar sensor 
aids initial o r i e n t a t  i o n and will maintain 
coarse vehicle stabilization for docking in the 
event that two star trackers fail. 
The vehicle computer is similar to the IBM 
4~ general purpose, stored program, binary 
operated airborne computer. 
A simple inertial reference unit utilizing 
three displacement gyros is included for dark 
side stabilization o r  i f  the reference stars be- 
come occulted. 
The navigation system weight and volume 
estimates are 191 lb and 5100 cubic inches; 
the system m a x i m u m  power is 240 watts. 
Data, TLM and Communication System. The 
data handling system designed for the x-ray 
telescope is a conventional PCM telemetry 
system consisting basically of a signal con- 
ditioner, analog-to-digital converter, input 
selector, digital formatter, PCM multiplexer, 
time ge n e r a t  o r, tape recorder/converter, 
pre-mod processor, transmitter and two an- 
tennas, a n  d associated multipliers, filters 
and selectors. 
The tape recorder capacity required is ap- 
proximately 8 million bits, and the maximum 
transmission rates to ground will be approxi- 
mately 260 kbps . A single machine can handle 
this load with a second as  backup. The total 
system weight and volume requirements are  
44 lb and 1180 cubic inches. The maximum 
system electrical power is 90 watts. 
Optical Drift  Error System. The drift error  
system permits the x-ray telescope to effec- 
tively lockon optical sources in the general 
vicinity of the x-ray source being observed. 
The x-ray sources of interest (less than 
photons/cm2/sec) do not have sufficient flux 
intensities to p e r m i t  vehicle lockon to the 
source being observed. It is n e  c e s s a r y, 
therefore, to provide a guidance system which 
can lock on to reference stars of adequate in- 
tensity. The vehicle star tracker would limit 
the long term image resolution to at least 10  
arc  seconds, which would be increased by the 
vehicle attitude control system. The sensor 
for the drift error  system consists of an op- 
tical telescope which is coaligned with t h e  
primary x-ray mirror assembly. The op- 
tical telescope has a field of view of 2 degrees 
assuring that one o r  more stars of the tenth 
apparent magnitude will always be within the 
field of view. An image intensifier and vidi- 
con record the moving reference star images; 
the star drift is translated into error  signals 
which a re  transmitted to the x-ray image mo- 
t i on compensator. The image motion com- 
pensator will  require a maximum t r a v e 1 of 
1 arc minute in the Y and Z planes, the ve- 
hicle p o i n t i n g  accuracy. The drift error 
system should permit e x  t r e m e 1 y accurate 
imaging without requiring the vehicle to main- 
tain p r e c i si o n attitude control. The drift 
system will not compensate for vehicle dis- 
tortions or jitter between the lens assembly 
and the focal plane. The system weight and 
volume are  244 lb and 14,200 cubic inches. 
T h e  system m a x i m u m  power is 24 watts. 
Telescope Instrumentation. The mission sub- 
system required to satisfy the scientific flight 
objectives include i m a g i  n g, spectromatic, 
and p o 1 a r i m e t r i c equipment. The actual 
equipment for a flight x-ray telescope facility 
would be the responsibility of the principal 
investigators and is not presently d e  f i n e d. 
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To achieve a realistic vehicle predesign 
it is necessary to at least s y n t h e s i z e the 
critical equipment parameters of weight, vol- 
ume, and electrical power required as  well 
as define a n y  unusual support r emremen t s  
such as temperature control. 
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Electronic i m a g i  n g techniques are pre- 
ferred to provide nearly real time access to 
the o b s e r v a t i o n  a n d  minimize t h e  film 
stow age -shielding-retrieval problems. The 
scientific equipment is mounted on a turret 
w h i c h  r o t a t e s  to locate each of the seven 
equipment stations in the focal plane. Two of 
the stations contain imaging packages, n o t 
necessarily redundant. The basic imaging 
package consists of an image i n  t e n s i f i e r , 
image motion compensator (a portion of the 
drift error  compensator system) and an elec- 
tronic imaging tube with long integration time 
capability. The imaging equipment is used in 
conjunction witha slitless spectrometer grat- 
ing, which is positioned immediately behind 
the grazing incidence mirrors. This system 
1L 
ATTITUDE 
CONTROL 
SYSTEM 
(POSITION. 
ATTITUDE, 
JITTER, 
ETC. ) 
1 L  
RESEARCH EQUIPMENT BLOCK DIAGRAM 
NOTE. IMAGE MOTION COMPENSATOR 
MAY BE UNNECESSARY WHEN 
USING SLITLPSS IMAGING 
SPECTROMETER 
\ 
IMAGERY AND SLITLESS SPECTROMETRY: 
IMAGE VIDICON 
MOTION - E ' OR 
COMPENSATOR ASTRAGON 
- - 
r - X-RAY IMAGE ~ + 
TELESCOPE INTENSIFIER - 
SLITLESS 
SPECTROMETER I .  ' I r  
OR OTHER 
DETECTORS 
SPECTROMETER 
TELESCOPE 
w -
I I 
COMPUTER 
(POSITION 
ERROR 
GENERATOR) 
r VIDICON 
OPTICAL IMAGE 
TELESCOPE INTENSIFIER 
- 
p r o v i  d e s spectrographic resolution on the 
order of k/AX = 100. 
The third instrument included is a focusing 
crystal spectrometer for precision (x/AX = 
1 0 0 0) spectrometric measurements. T w o 
polarimeter packages are included with the 
equipment parameters based on the cryogenic 
hydrogen design. Two equipment stations are 
available for scientific focal plane instrumen- 
tation. 
A s  mentioned previously, the baseline de- 
sign allowances shown are for the specific 
equipment assumptions covered and should not 
be regarded as limiting values. Considerable 
latitudeexists in the vehicle design to incor- 
porate larger or  heavier scientific packages 
of any geometry. The image capsule diameter 
and shape can be changed. It might even be 
effective to increase the capsule length at the 
expense of reduced focal length to accommo- 
date specific instrumentation. The baseline 
research equipment block diagram is shown 
on Figure 4-17. 
Figure 4-17 
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Lens Alignment. The lens alignment system 
compensates for the distortions of the pri- 
mary truss structure. The system consists 
of a galliumarsenide laser and sensor pack- 
age mounted on the image capsule and a re- 
flecting mirror assembly attached to the lens 
assembly. 
A laser beam transmitted parallel to the 
optical axis is r e f l e c t e d  by the plane and 
corner cube mirrors at the lens. The re- 
flected beam impinges on the sensors and the 
beam location is r e g i  s t e r e d. The plane 
mirror senses lens angle changes while the 
corner cube reflector senses lens displace- 
ment perpendicular to the optical axis. 
A s  structural distortions occur the result- 
ing changes to the optical axis are calculated 
and corrected for by rotating the two axis- 
gimballed lenses. The optical axis changes 
are programmed into the navigation system 
to modify the star tracker reference axis. 
The system weight and volume are 12 lb and 
186 cubic inches. Maximum power is 9 watts. 
Attitude Control System. The telescope con- 
trol system c o n  s i s t s of three independent 
attitude orientation systems and a drag cor- 
rection system. The orientation systems are 
the 12 hydrogenperoxide jets (0.5 lb thrust), 
the precision 3 axis inertial wheel, and the 
e m e r g e n c y  cold gas docking stabilization 
system. 
TheACS is sized to maintain the required 
pointing accuracy of f 0.5 arc minutes ahd 
drift rates of 1.0 arc sec/sec for up to 90 
minutes (one orbit). The lockon time can be 
ex  t e n d e d to six hours with a total vehicle 
weight penalty of approximately 400 lb. Hy- 
drogenperoxide was selected as the propellant 
on the basis of a two year mission without re- 
supply. See Figure 4-18. 
The nominal 30-inch x-ray telescope con- 
figuration has 0.0403 and 0.00034 f t-1 b of 
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Figure 4-18 
gravity gradient and a e r o d y n a m i c  d r a g  
torques respectively. The inertia wheel sys- 
temcapacityis 10 ft-lb-sec in roll and 84 ft- 
lb-sec in pitch and yaw. 
The four 3-jet modules each'have individual 
propellant tanks; resupply of these modules is 
performed b y  E V A  ; replacement units are 
attached to the expended unit. The precision 
inertia wheels are located in the image cap- 
sule assembly in close proximity to the star 
trackers t o  minimize reference coordinate 
e r rors  resulting from structural distortion 
The backup docking system is provided to per- 
mit remote controlled astronaut stabilization 
of the telescope for docking. This emergency 
system is only required if both normal sta- 
bilization systems are malfunctioning or the 
control electronics fail. The reserve system 
h as  low propellant requirements permitting 
the use of the highly r e 1 i a b  1 e nitrogen gas 
t h r u s t e r s .  The total ACS, including pro- 
pellant for two years, weighs 575 lb, occu- 
pies 5 , 400 cubic inches, and requires 33 watts 
maximum power. 
4.4.3 THERMODYNAMICS. Influence of the 
orbital thermal environment was investigated 
for the major assemblies of the x-ray tele- 
scope: structure, lens, and image capsule. 
Temperature transients, resulting from pas- 
sage through the earth's shadow, and space- 
craft reorientation affect the design of each 
o f these assemblies; non-uniform h e  a t  i n g 
primarily affects the structure and lens de- 
signs. M i n i m u m  exposure is about62%, 
while a maximum of about 81% sun can occur 
at least twice a year. 
M a x  i m um circumferential temperature 
gradients were  c a1 c u 1 a t  e d for the tubular 
structure members. These gradients con- 
tribute to bending distortion while a change 
in absolute temperature contributes to dis- 
tortionby linear growth. Gradients a re  mini- 
mized with low solar absorptance coatings, 
reduced d i a m  e t e r , and increased thermal 
conductivity and wall t h i  c k n e s so Warmup 
time upon emerging from the earth's shadow 
was computed to be about 7.4 minutes while 
cooldown time was about 24 minutes. 
The lens assembly is sensitive to thermal 
distortion. S e g m e n t radius growth, axial 
b ow i n g, circularity, and concentricity are 
affected. I n i  t i  a1 calculations indicate that 
temperature gradients which affect circular- 
ity and concentricity can be controlledby us- 
ing an e f f i c i e n  t external insulator such a s  
multi-layered aluminized mylar covered with 
a metallic shield having good conductivity and 
a low as/€ coating, such as white paint. In- 
ternal components shouldbe thermally coupl- 
ed and made from high conductivity material. 
It will be necessary to p e r f o r m  a detailed 
transient temperature analysis to determine 
whether insulation is adequate to minimize 
the effects of orbital temperature excursions 
on radius growth. 
Calculations of i m a g e  capsule tempera- 
tures using average orbital heating values es- 
tablished the requirement for active thermal 
control to maintain the temperature of 70°F 
- + 5". The heating excursions r e s u l  t from 
sun exposure variation. This can be accom- 
plished with a louver control system cover- 
ing about 30% of the capsule surface. 
4.4.4 CREW SYSTEMS. The role of man in 
the x-ray telescope is two-fold: he is the sub- 
ject of EVA experiments and at the same time 
performs operational maintenance and repair 
to increase mission effectiveness and extend 
mission lifetime. 
The integration and evaluation of man ' s  
role in the orbiting x-ray telescope has been 
guided by frequent coordination meetings with 
MSC personnel, and NAA / S&ID EVA study 
team. The NASA/MSC "Baseline Astronaut 
for 1968-72" documentwas utilized in estab- 
lishing EVA astronaut and equipment capa- 
bilities. The EVA philosophy for the pro- 
posed design assumes that the CSM is docked 
to the telescope for all EVA, a50-foot tether 
is used, life support is provided by PLSS, and 
locomotion is accomplished b y  hand u s  i n g 
basic truss or  hand rails; a hand gun would 
b e  carried for alternate l o c o m o t i o n  a n d  
rescue. 
The mechanical design must be such that 
equipment is replaced with gross clamping 
actions, no pneumatic or  hydraulic lines are  
disassembled, and automation is used wher- 
ever practical with manual override capability 
built in. 
A summary of the mechanical systems in 
Figure 4-19 shows the degree of planned man 
participation in the system operation. The 
scheduled crew activities for the deployment 
SIN6LE CYCLE 
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checkout, resupply, and refurbishment phases 
axe shown on Figure 4-20. Some of the spe- 
cific EVA design features which are required 
to permit man to effectively repair and re- 
supplythevehicle are the roll up solar panels, 
add-on ACS modules, access door foot re- 
straints , and provisions on all the electrical- 
ly powered mechanical systems for a portable 
hand held torque motor. The roll up solar 
cells simplify transfer of new panels from the 
resupply vehicle to the worksite. 
Task a n  a 1 y s i s forms were prepared to 
identify EVA, equipment, and design require- 
ments, See Figures 4-21 and 4-22. The de- 
tailed task analysis was generally limited to 
normal operations in the resupply phase be- 
cause of study priorities. A separate time- 
line analysis was preparedfor the initial de- 
ployment and operational c h e c k o u t  phases. 
The initial deployment t i  m e (to operational 
status) requires 44 hours of which 2 hours 
and 18 minutes is EVA. The resupply mis- 
sion r e p 1  aces the ACS, solar panels? and 
three scientificpackages and requires 4 days, 
18 hours on station and 17 hours and 32 min- 
utes of EVA. The extent of the refurbish- 
m e n  t tasks cannot be e s t i  m a t  e d without 
d e  t a i 1 e d component op e r a t  i ng  lifetimes; 
therefore, no time line analysis was attempt- 
ed. A conservative estimate of refurbish- 
ment would be at least double the resupply 
task. 
4.4.5 DYNAMICS. ‘ The dynamic behavior 
of the 30- and 40-inch x-ray telescope struc- 
tures is satisfactory. The lens and truss as- 
sembly deflections d u r i n g the observation 
period are well within the specified tolerances. 
The practice of using very conservative 
analytical techniques to bound magnitudes of 
dynamic response has been used extensively 
in this study. As the design details become 
more firmly established, it will be appro- 
priate to use more e x a c t  a n a l y s i s  tools. 
The dynamic analysis of initial do c k i  n g 
has shown that the do  c k i n  g truss requires 
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shock attenuation additions. The necessary 
change in stiffness is feasible and the orbital 
docking dynamics will then be satisfactoryhy 
a large margin. S e p a r a t  i o n of the CSM / 
telescope from the S - IVB and deployment of 
the telescope are  not operations which pose 
design feasibility questions. 
The dynamic response of the 30-inch di- 
ameter x-ray mirror assembly was analyzed 
assuming a mirror thickness of 3/16 inch, 
(weight estimate is based on 3/8 average).. 
The worst case vibratory distortions of the 
lens are  well below the microinch tolerance. 
The telescope structure was examined simi- 
larly for the attitude control jets and inertia 
wheels; the truss distortions during observa- 
tion were computed to be several orders of 
magnitude below allowable limits. No prob- 
lems with dynamic structural response are  
anticipated for this size telescope structure 
or lens. 
4.4.6 MASS PROPERTIES. The total x-ray 
telescope weight with titanium primary struc- 
ture and a 30-inchY three-segment beryllium 
mirror is 2700 lb. If fused silica or low co- 
efficient glass is used for the x-ray mirror 
assembly, the total vehicle weight will in- 
crease to 3570 lb. 
The nominal 30-inchx-ray t e l e s c o p e  
weight summary is: 
Structure & Mechanisms 661 
Reflecting Lens Assembly 
(Beryllium) 292 
Attitude Control System 
(2 year) 575 
Command/Control 11 
Communication 44 
Navigation 191 
Electrical Power 304 
Lens Alignment 15 
Scientific Instrumentation 360 
247 Contingency & Growth (10%) 
2700 
Telemetry, Data & 
-
The nominal 30 -inch vehicle mass mo- 
ments of inertia are 2500 slug ft2 and 13,800 
slug ft2 for roll and pitch (yaw) respectively. 
4.4.7 STRESS ANALYSIS. The analysis of 
the truss structure was performed by digital 
computer using well known d i s p 1 a c e m e n t 
programs. 
Two truss analysis models were used, one 
assuming r i g i d joints, the other assuming 
pinned joints. The fixed, jointed model was 
loadedwithunit shear and moments to deter- 
mine influence coefficients for the dynamic 
analysis. The fixed truss distortions were 
also computed for the orbital docking condi- 
tions and 45" relative sun c o n d i t i  o n. The 
thermal analysis of the fixed joint model con- 
siders only structure distortions caused by 
member bowing. The effect of i n d i v i d u a 1 
member thermal growth on the truss distor- 
tions was analyzed for the pinned joint model. 
This is the critical condition which results in 
130 arc secs of distortion over the 30-foot 
focal length. The magnitude of distortion is 
exaggerated by the initial assumption that the 
truss member temperatures were stabilized 
at sub solar point in orbit. The effects of 
earth thermal and albedo radiation were ne- 
glected at the sub solar point, resulting in 
maximum member temperature differentials 
and increased distortions. 
4.5 RDT&E 
The Research Development Test &Engineer- 
ingplan provides information for defining the 
steps to achieve a functioning orbital x-ray 
telescope as part of AAP. Sufficient definition 
is required to support NASA resource alloca- 
tions between t h e  various alternatives a n d  
identify requirements for m a n p  o w e  r, r e- 
search, development and test facilities and 
to define schedule interactions and budgetary 
planning data to achieve for A A P  maximum 
utilization of resources. The RDT & E plan 
provides: 
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a. Work Breakdown Structure 
b. Prerequisite Orbital Experiments 
c. Research, Manufacturing, Test and Sup- 
port Plans 
d. Schedule 
e. Cost Analysis 
The x-ray telescope structure can be de- 
ployed vertically to simulate zero-g with an 
overhead clearance of 45 feet. This was not 
a s s um e d to be a new facility requirement; 
however 600k was includedin the cost analy- 
sis to provide for facility uncertainties re- 
garding mirror fabrication. 
No firm requirements for prerequisite or- 
bital experiments have been identified for the 
x-ray telescope. Orbital experiments to de- 
termine realistic astronaut locomotion loads 
and develop portable EVA cargo handling sys- 
tems are  encouraged for this and many simi- 
lar s p a c e structures. These experiments 
will logically be performed early in the U P .  
The new technology areas applicable to the 
x-ray telescope are: 
a. 
b. 
C. 
d. 
e. 
f. 
Improved Solar Cell Performance 
Multiple Nesting Designs for Large X- 
Ray Mirrors 
Structure Materials with High Thermal 
Distortion Stability 
M e c h a n i s m  & Motors for 3 to 4 Year 
Space Operation 
Long Memory High Resolution Imaging 
Orthicons 
C o mp ac t Focusing Crystal Spectrom- 
eters 
g. Non-Cryogenic Polarimeters with High 
Efficiencies 
The manufacturing processes required to 
fabricate components of the x-ray telescope 
a re  essentially those used extensively by air- 
frame and aerospace manufacturers. The 3 
to 4 segment 30-inch assembly used in the 
baseline vehicle can be fabricated'using cur- 
rent technology. Increasing the aperture by 
using 8 to 10 segments will demand new fa- 
brication technology. 
The test program is conducted to provide 
design reliability and quality assurance such 
that the equipment will survive the ground and 
space environments with no malfunctions o r  
deteriorating effects. The testing involves 
development, qualification, a n d  acceptance 
tests. Component, subsystem, and system 
level testing is performed on the subsystem 
articles, engineering model (or prototype), 
and the flight article. No unusual problems 
are  envisioned in the test area. The struc- 
ture i s  considerably more rigid than most 
space structures and does not require unusual 
supporting or zero-g devices during testing. 
The support plan summarizes the general 
requirements for all activities performed on 
the x - ray telescope subsequent to sell off of 
the flight unit. Included in the activities are: 
personnel training, prelaunch a c  t i v  i t i e s, 
range documentation, launch site, and orbital 
operations. Special training is required to 
develop the necessary skills in the mission- 
oriented tasks. In addition t o  t h e  detailed 
training program for the astronauts, some 
training is required for both the launch crew 
md orbital support crew. 
The x-ray telescope spacecraft would be 
supplied to the contractor's facility at MSFC 
for MSFN network compatibility and Saturn 
IB fit checks, At  the completion of MSFC 
operations the spacecraft would be shipped to 
KSC for launch site operations. The vehicle 
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would be launched from Complex 34 or 37 at 
KSC. 
The program schedule for the 3 to 4 seg- 
ment 30 inch x-ray telescope (Figure 4-23) 
indicates a launch approximately 5 years after 
a Phase B definition go-ahead. The program 
would be extended approximately 1-1/2 years 
PHASE 'C OESIGW SNUES 
SUBSySTDl DESIGN fARL TEST 
STUUCTURES 
TELESCOPE (MAL, DES, fAR. L TEST) 
PRmOTYPEMSEMBLY 
PROTOTYPE TEST 
SUBSYSTEM DESIGN 8 RB. 
SUBSYSTEM ASSEMBLY 
LAUNCH SITE OPWNONS 
auALiEsTs 
I PROTOlYPE DELIVERY - - 
I; 
I I I = I  I 
i f  a n  8- to 10-segment mirror assembly is 
desired. 
The cost analysis for the x-ray telescope 
program based on the 3 to 4 segment mirror 
is shown in Figure 4-24. The 8- to 10-seg- 
ment mirror design would cost an additional 
$3 .O million. 
SYSTEM COST $ MILLION 
NONRECURRING $30.3 
DEVELOPMENT $ 28.7 
6SE 1.0 
FACILITIES 0.6 
RECURRING (UNIT COST) 10.0 
TOTAL SYSTEM COST $40.30 
Figure 4-23 
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Figure 4-24 
SECTION 5 
PARABOLIC ANTENNA 
5.1 INTRODUCTION 
The Saturn-launched experiment would deploy 
ANTENNA SIZE REQUIKEMEMS (PARABOW1 
Limited Arw Coverage 
a large 100-ft parabolic expandable truss an- 
tenna, preferably in  synchronous orbit, eva- ... Y / TOLERANCE 
- BEIMWlDlH (OE6.1 \ k\I'y' y y 
a[ 
P ,s 
luate man's participationin a broad spectrum 
of TVAand EVA tasks, develop the practical- 
ity of a large deployable electromechanical 
system, determine the antenna's structural, 
dynamic, and r f p e r f o r m a n c e ,  and, upon 
CSM departure, leave a large refurbishable 
communication system with a minimum of 2 
to 5 year life operating under ground control. 
OI~~MFTER 10 
Figure 5-1 
With the rapid g r o w t h of communication 
systems, large antennas in the 40- to 200-ft 
diameter range are required to provide opti- 
mum use of ever- shrinking available fre- 
quency spectrum. Large antennas, Figure 
5-1 , reduce the beamwidth, controlling the 
area of the orbital signal. From synchro- 
nous orbit a 17-deg angle subtends the hemi- 
sphere. Two degrees typically cover a 800- 
mile time zone in the U. S. ; at high frequencies 
a 1/2 power b e a m w i d t h  of 1/8 deg would 
intersect a 50-mile zone. 
Figure 5-2 
Volume in the a v a i 1 a b  1 e Saturn fairing 
would limit antenna size to 320-ft diameter 
in an unmanned launch and 140-ft diameter in 
the LEM adapter area with a manned CSM. 
A practical reflector tolerance boundary of 
o(RMS)/diameter ratio of limits the ef- 
ficient useful range of the a n t e n n a  and the 
minimum b e a m w i d t h. Peak efficient fre- 
quency application for the 100-ft d i a m e t e r 
experiment antenna is 6 GHz, resulting in a 
1/8 deg beamwidth. 
A model of the expandable truss antenna 
with the feed extended and the reflector in 
the packaged condition i s  shown in Figure 
5-2. Figure 5-3 shows it with the reflector 
deployed. The Apollo CSM is docked to the 
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Figure 5-3 
pressurized feed and electronic compartment. 
Figure 5-4 is a photo of a second 7-ft diam- 
eter model with a mesh covering, currently 
in test under a related study. 
5.2 FLIGHT OBJECTIVES 
Three primary flight objectives a re  outlined 
in Figure 5-5. First, man’s performance is 
to be evaluated using biomedical sensors as  
he participates in a series of orbital tasks. 
At a console inside of the pressurized feed/ 
electronics compartment docked to the CSM, 
the crew will direct the experiment and moni- 
tor the subsystems. Typical tasks range from 
reflector surface measurements , feed bore- 
sighting, a n d  rf pattern analysis to acquisi- 
tion of earth and celestial targets. The com- 
partment is also used as an airlock for EVA 
tasks. EVA is required for complete inspec- 
tion of the antenna, potential repairs, and, 
most important , adjustment of the reflector 
mesh for optimum performance. 
The second flight objective i s t o  demon- 
strate the feasibility of a large space erect- 
able structure. U n i qu e 1 y , the expandable 
tubular truss structure can be scaled to many 
different s i z e s and shapes. In this experi- 
ment a 100 - f t  diameter parabolic reflector 
and the expandable feed supports demonstrate 
its application to many future missions such 
as: orbital communication and surveillance, 
radiator and solar cell support, space sta- 
tion docks , magnetometer and nuclear power 
booms, and possibly uniting propellant tanks 
into an integral structure for long term mis- 
sions. The tubular structure can be support- 
ed by man from hinge lockup to replacement 
of a damaged e 1 e m e n t .  While these tasks 
a re  relatively simple using man, it would be 
impractical to automate them. 
The scientific objective of the experiment 
is to analyze the full pattern measurements 
of the antenna in the 100 MHz to 6 GHz range. 
Figure 5-4 
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Figure 5-5 
Tests of this t y p e  are  not f e a s i b l e  on the 
ground since a clear sighting of 30 to 50 miles 
is required. B e s i d e  s determining antenna 
efficiency, which significantly affects costly 
power systems , extraneous sidelobe patterns 
that could interfere with transmission in for- 
eign areas are  analyzed. Noise temperature 
measurements will be made to determine the 
background interference in s p a c e. Trans- 
mission and target acquisition tests will com- 
plete operational simulation of a large com- 
munication system. 
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5.3 PACKAGING 
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Figure 5-6 
A major factorin selection of the expandable 
truss is its packaging versatility. The same 
size antenna may be packaged in three differ- 
ent e n v e 1 o p e s. Figure 5-6 illustrates the 
three packaging systems. ffAtf is a flat ffcof- 
fee cant! type package s u i  t a b  1 e to the LEM 
adapter a r e a; in frBf? the top m e m b e r that 
hinged inward now hinges outward, reducing 
the package size but increasing its height; in 
f C f t  both external members hinge out, pro- 
viding the tallest package but the smallest in 
diameter. Typically a 100-ft-diameter an- 
tenna would be packaged in a 15-ft, 10-ft, or 
7-ft diameter package with the height changing 
inversly from 10 f t ,  16.7 f t  and 23.6 f t  . Thus 
the antenna developed in this experiment can 
be conveniently integrated into future systems 
with different packaging problems. System 
ffAff was chosen for the experiment. 
5.4 OPERATING SEQUENCE 
The packaged antenna will be supported on a 
pallet during transportation and during boost 
(Figure 5-7). A shear pin and nine redundant 
OPERATION SEQUENCE 
TRANSPORTATION 
& ERECTION CSM SEPARATION 
INSPECT STRUCTURE. 
ADJUST, ALIGN 
FEED & MESH 
PERFORMPATTERN 
TESTS 
Figure 5-7 
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explosive bolts will position the lower spiders 
on the pallet, which is permanently bolted to 
four LE M hard points. A band holds the gear- 
interlocked upper spiders in pos itionuntil re- 
flector deployment .  F o u r  retractable A 
frames support the feed and electronic com- 
partment and carry its boost loads directly 
into the LEM hard points. Boost to synchro- 
nous equatorial orbit will take approximately 
?-1/2 hours. 
Extraction of the a n t  e n n a experiment is 
identical to the CSM/LEM system except for  
the pallet remaining with the LEM fairing. 
Three feed support legs are deployed at crew 
initiation. After checkout to assure the feed 
legs are structurally sound, the reflector will 
be d e  p 1 o y e d. IVA and EVA inspection and 
checkout by the crew will determine if struc- 
ture and mesh are in position and if all sys- 
tems are operating. 
With a laser m e a s u r i n  g unit capable of 
scanning the reflector in 30 seconds the con- 
tour of the mesh surface will be determined. 
Corrections, if necessary, will be made by 
the EVA astronaut to the t u b  u 1 a r members 
and the mesh adjusted to optimum perform- 
ance as r e q u i r e d .  Tasks a n d t i m e s  are 
listed in Figure 5-8. Tolerances in the re- 
flector will be biased by moving the feed to 
the optimum focal point of the best fit para- 
boloidal surface of the reflector. In addition 
to determining the surface contour, the laser 
will be used to boresight the feed to the me- 
chanical axis. Pattern, noise temperature, 
pointing, and transmitter tests will then be 
made. After a final inspection the crew will 
secure the experiment for automatic opera- 
tions and stand off to observe its performance. 
The pressurized feed electronic compart- 
ment will c o nt  a i n  most of the experiment 
equipment and receive environmental control 
from the CSM . Crew activities, planned and 
abnormal, are 1 i s t e d in Figure 5-9. Mesh 
adjustment for improved reflector tolerance 
Figure 5-8 
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Figure 5-9 
is the most likely of abnormal EVA tasks; a 
full day is left in the schedule for this activ- 
ity. Other NA/EVA tasks couldbe simulated 
if the experiment were completely success- 
ful: replacing a tubular element, splicing or 
replacing a cable, or manual adjustment of 
feed. This wide variety of tasks would meas- 
ure man's ability to support a large electro- 
mechanical orbital structure. 
5.5 SUBSYSTEMS 
Figure 5-10 shows the orientation of the re- 
flector m o u n  t e d subsystems. The natural 
stiffness and strength of the expandable truss 
allows a 1 a r g e number of the systems to be 
mounted directly on the antenna. Dark lines 
indicate the p o w  e r, coaxial telemetry , and 
command system cables. Telemetry anten- 
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Figure 5-10 
10.6 3
6.5 
6.5 
6.0 
42.0 
32.0 
nas a re  mounted on the periphery for oper- 
ations when the reflector shadows the CSM 
from the e a r t h. A three-element cold gas 
expulsion system may be economically used 
for gross attitude control and station keeping. 90 7
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A six - panel, accordian type expandable 
solar cellsystem is integrated into the outer 
members of the reflector to provide an omni- 
directional p o w e r system. Three standard 
gain antennas operating at 100 MHz, 1 GHz, 
and 6 GHz are  also mounted along the peri- 
phery. E a c h of the three m a j o r diagonals 
have hinge/lock joints with microswitch in- 
strumentation. The joints internal to these 
members use the flex (mast) joint for a hinge. 
Crew passage to the rear  side of the antenna 
is provided by a triangular hole in the mesh 
at each feed leg. Communication relay is 
also provided when the crew is working on the 
rear side of the reflector mesh. Although 
the mesh is 80% transparent to light, it will 
cut radio contact between the EVA man and 
the CSM. 
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Figure 5-11 
5.5.1 STRUCTURAL SUBSYSTEM. The ex- 
pandable truss c on  s i s t s of hinged external 
and continuous d i a g o n a 1 tubular elements, 
joining spiders with mesh adjustments, and 
the f l e x i b l e  mesh s y s t e m .  Figure 5-11 
shows that a beryllium tube would be signifi- 
cantly better on a weight, stiffness, thermal 
distortion basis. Perforated aluminum tube 
is proposed for use in the experimental an- 
tenna due to its availability, cost, and the 
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Figure 5-12 
Figure 5-13 
reduced to 0.08 lb/sq f t  o r  a s a v i n g  of 160 
lb on a 100 f t  a n t e n n a .  A typical tube and 
spider are shown in Figure 5-12. Each spider 
leg has a g e a r e  d edge to interlock with its 
six n e i g h b o r s .  Twelve m e s h  adjustment 
screws are located in the center of the spider. 
Flexible hinge joints of BeCu a r e  used on all 
members except the major diagonal previous- 
ly discussed, EVA operation will ensure lock 
down and full deployment of each joint (Figure 
5-13). 
Reflector Mesh. The critical tolerance ele- 
ment of the antenna is the reflector mesh. 
Figure 5-14 illustrates that if the proposed 
surface RMS tolerance of 0.120 in. doubled, 
the peak operating frequency would drop from 
6 GHz to 3 . 5  GHz. Half power beamwidth at 
the proposed test frecpencies are  shown for 
100 MHz, 1 GHz, and 6 GHz. Deployment se- 
quence of a typical t r i a n g u l a r  element is 
shown in F i g u r  e 5-15. Grouped similar to 
parachute m a t  e r i a 1, the Chromel-R tricot 
weave mesh will feed from flexible retaining 
rings as  the truss elements straighten. De- 
tails of the mesh system can be seen in F'ig- 
ure  5-16. The w h i t  e line mesh material is 
pulled tangentially d o  w n to f o u r hexagonal 
flats in each t r i a m l a r  element bv the web- 
Y Y 
bing. Three tension lines (dotted lines) at- 
tached to the webbing and the adjustable screw 
jacks at the spider movethe mesh to its best 
maNmIPIL 0"wMICp 
26m.ha.mn 
GAIN VS. FREQmNCY 
100-Ft. Diameter Paraboloid 
0:o 
60 
GAIN ( a d  50 
40 
30 1 GHz 6 GHz 
position. This s y s t e m will be used during 
ground fabrication and for adjustment by the 
crew in space if necessary. A summary of 
the m a x  i m u m  distortion is shown in Table 
5-1. The key element in mesh adjustment is 
the method and accuracv of the measurement 
1 
system. In this study a modulated laser sys- 
tem ( Figure5-17) was developed capable of 
I I I 1 1 1 1 1 1 1  I I I 1 1 1 / 1 1  
1.0 10 
FREQUENCY (GHd 
2oo. 1 
measuring the surface contour to * O .  006 in. 
from the feed point 40 ft  above the mesh. A 
rotating mirror system would allow a com- 
plete scan of the r e  f 1 e c t o  r in 30 seconds. 
Test of the mesh reflectance has shown that 
local targets are  not needed and a continual 
measurement of the mesh surface is possible. 
Figure 5-14 
lack of a n e  e d for weight saving as the ex- 
periment is currently conceived. The pre- 
sent reflector weighs 0.10 lb/sq f t  of aper- 
ture; with beryllium t u b i n g weight could be 
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DEPLOYMENT SEQUENCE 
Reflective Mesh 
Figure 5-15 
Table 5-1. Distortion Summary 
100 Ft Diameter Paraboloid 
Tooling Location 0.005 
Bearing Accumulation 0.025 
Mesh Installation 0.060 
Mesh Contour 0.040 
Thermal (side) 0.066 
Dynamic 0.010 
0.206 in. 
RMS = 0.101 in. ; O/D = 8.5 X 
A printout of the surface contour, recommend- 
ed adjustments, best fit paraboloid surface, 
and optimum focal point could be provided. 
Installed at the focal point, on the pressuri- 
zed feed and electronic compartment , Figure 
5-18, the laser measurement unit, monitored 
by the crew, w o u 1 d determine the optimum 
surface c o n t o u r . Repeated measurements 
will be made during EVA adjustments, Figure 
5-19, and confirmation of the best fi t  focal 
point. The feedcone will then be swung back 
over the laser and boresighted through three 
corner reflectors to match the optimum focal 
point, established by the laser. 
Figure 5-16 
Figure 5-17 
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Figure 5-18 
Figure 5-19 
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Figure 5-20 
5.5.2 FEEDANDEIXCTRONIC COMPART- 
MENT. Beside the laser system, the eight- 
foot-d i a m  e t  e r pressurized feed electronic 
compartment contains the transmitter and re- 
ceiver , b a t t e r i e s , power conditioning and 
monitoring equipment, a n d the telemetry. 
With man required to perform, support, or  
monitor the experiment over the full 12-day 
period, a shirtsleeve environment is rewired 
in the compartment. An 0 2  pressurization 
system compatible with the CSM is provided 
for the compartment. Environmental control 
comes from the CSM. Cold plates and ex- 
ternal radiators will stabilize the electronic 
equipment heat load within the Apollo limits. 
All equipment must operate in either a pres- 
surized or  unpressurized environment since 
the compartment is used as an airlock during 
EVA tasks. 
5.5.3 POWER SYSTEM. Power system is 
a major cost item in the experiment. A s  the 
program progresses e v e r y effort should be 
made to m o n i t  o r and reduce the power re- 
quirements. Figure 5-20 outlines the basic 
e 1 e m  e n  t s of the system. No development 
items are  anticipated. 
5.5.4 ATTITUDE CONTROL SYSTEM. To 
provide the angular rate and attitude control 
limits required by the experiment (Figures 
5-21 and 5-22) the hybrid control torque sys- 
tem of F i g u r e  5-23 was configured. A low 
Isp, but highly r e 1 i a b  1 e, cold gas reaction 
li..ll(.u e?"MMGa 
aw--? 
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Figure 5-22 
Figure 5-23 
system is efficient when a c t i n  g on the long 
moment arm that is permissible with the truss 
antenna. The expulsion system is used for  
c o r r e c t i o n s  downto0.06 deg andstation 
keeping. A redundant inertia wheel system 
is used for correction from 0.06 deg to 0.001 
deg. A two-year life s y s t e m requires 200 
powds of propellant with 70 pounds assigned 
to station keeping. 
The star t r a c k e r system illustrated in 
Figure 5-24 provides the desired sensor ac- 
curacy and references all pointing to f ie  in- 
ertial reference of the star field. A horizon 
scanner anda solar aspect seeker will deter- 
mine the basic reference with the star tracker 
providing the f i n e  control. P r e c i s i o n  in 
torque c o n t  r 01 and attitude sensing c a n  be 
rendereduseless if the working platform elas- 
tic properties effectively make the star track- 
er the analog of a micrometer on the end of 
an oscillating yardstick. Figure 5-25 effec- 
tively points up the nature of the deterioration 
in the ability to hold attitude as a function of 
a change in natural frequency (or stiffness) 
of the antenna structure. In this example a 
reduction from 1.6 cps to 1.0 cps will pre- 
c 1 u d e pointing to within *O .02 degree. The 
100-ft diameter antenna with a 5-ft depth has 
a reflector natural frequency of 1.6 cps. A 
computer-aided analysis has been developed 
to determine the basic modes of the reflector. 
HOLO TIME 
Figure 5-24 
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Figure 5-25 
This u 1 t i  m a t e dependence on structural 
stiffness can be met by the truss type para- 
bolic antenna because of its inherent stiffness 
and the relative ease with which the stiffness 
can be i n  c r e a s e d to levels commensurate 
with the extremes of pointing accuracy envi- 
sioned for this e x p e r i m e n t  and the future 
system. 
5.5.5 TELEMETRY AND COMMAND. The 
design of thetelemetry and command system 
is based primarily on the requirements and 
constraints of performing unmanned inter- 
mittently for a one to five year period pre- 
ceded by an initial 14 day manned operation. 
The d a t a  collected from t h  e various meas- 
urements inthe experiment wil lbe channeled 
to t h e  USB transponder f o r transmission to 
earth. 
Two telemetry antenna s y s t e m  s will be 
a v a i 1 a b  1 e : high gain or omni . The space 
erectable antenna (52 db) can be used for a 
high rate data link w h e n  not used in pattern 
and gain measurement tests. 
The command system is required so that 
a number of vehicle functions may be initiated 
from the ground and to transmit digital data 
to the spacecraft. Functional commands are 
associated with the deployment of the experi- 
ment, the control of antenna position, data 
storage, and transmission. Figure 5-26 il- 
lustrates the basic blockdiagram of the sys- 
tem. The system will use the a v a i l a b l e  
Apollo e qu i p m e n  t and no new development 
areas are anticipated. 
5.5.6 EXPERIMENT DATA CONDITIONING. 
along with the rf  parameters, mechanical, 
thermal, and surface measurement data will 
be collected for antenna evaluation (Figure 
5-27). 
Figure 5-26 
Figure 5-27 
urements will be instrumented i n  n e  a r lo- 
c a t i on s to correlate mechanical distortion 
and stresses with thermal gradients. Micro- 
switches will monitor the lockup of the hinged 
joints in the antenna structure. The status 
of the switch contacts will be s c a nn e d and 
transmitted via the PCM telemetry system. 
The laser measuring unit will provide data 
for surface contour evaluation. The system 
produces an analog signal corresponding to 
distance or range andtwo digital signals cor- 
responding to angles. These data will define 
the antenna surface shape. A similar set of 
measurements is r e qui  r e d for the pattern 
test discussed later 
Thermocouples will be located at key po- 
sitions across the surface of the antenna to 
evaluate t h e r m a 1 gradients. Strain meas- 
Bit rates for this e x p  e r i m e n t are one- 
fourththe normal Apollo rate of 51.2 kilobits 
per second. 
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5.6 PATTERN MEASUREMENT 
Radiation pattern and absolute gain define the 
basic characteristics of an a n t  enn  a .  The 
measurement of the pattern consists of deter- 
mining the relative antenna radiation intensity 
and the direction at which the intensity occurs. 
T w o orthogonal polarization components of 
relative power density or electric f i e 1 d in- 
tensity, and two corresponding angles in or- 
thogonal components, are measured at each 
pattern point to d e  s c r i b  e the pattern com- 
pletely, Figure 5-28 shows a basic field in- 
tensity measuring and recording system to 
perform the test. 
In t h e  proposed measurement diagram, 
patterns of both space erectable and standard 
gain antennas are mapped simultaneously to 
determine the two pattern p e a k s. Both re- 
ceiving systems are calibrated from a comd 
mon signal generator so that the differential 
effects of transmission line components and 
receiver operation can be accounted for in 
calculations of the absolute gain. 
5.6.1 ORBIT AND SOURCE SELECTION. 
Pattern measurements with 1 a r g e antennas 
having corresponding small beamwidths are 
best performed at s y n c h r o n o u s  orbit. In 
synchronous orbit there is continuous ground 
source visibility, data transfer and processing 
is facilitated, orbital motion can be utilized 
Figure 5-28 
Figure 5-29 
for one pattern coordinate angular change, 
orbitalrates are sufficiently low toallow use 
of low torque auxiliary attitude controlunits, 
and steering maneuvers are simplified. Fur- 
thermore, the antenna is e v a l u a t e d  in the 
most likely future system operational orbit. 
Severe measurement limitations are en- 
countered inthe low orbit configurations when 
attempting to use a g r  ound source. Oper- 
ational t i m  e is limited to approximately 20 
minutes per day (two consecutive passes in 
a 24-hour period with 10 minutes over tar- 
get). With i n  these time constraints, only 
limited p a t t e r n measurements can be con- 
ducted generating approximately 70 percent 
of the significant data required for complete 
evaluation of antenna performance. 
Of the various radiating sources consider- 
ed, Figure 5-29, (earth-based, stellar, rf 
satellite, lunar-based) , a ground station was 
selected because of the advantages of experi- 
ment flexibility, polarization and r a d i a t  e d 
power control, frequency control, extensive 
instrumentation facilities, environmental con- 
trol, and easy maintenance. 
B the experiment is forced to a lower or- 
bit (300 miles) by booster cost, availability, 
or other operational constraints, testing is 
best accomplished with an rf satellite source 
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d e  p 1 o y e d from the parent spacecraft. Al- 
though more costly in terms of special instru- 
GROUND POWER REQUIRED 
FOR PATTERN TESTS 
mentation and satellite deployment complex- 
ity, it is preferredover the low-orbit-ground- 
source configuration because of continuous 
source visibility, greater quantity of record- 
ed data, andefficient utilization of experiment 
time. -- 
5 .6 .2  TRANSMITTER POWER REQUIRE- 
MENTS - SYNCHRONOUS ORBIT TEST. 
Figure 5-30 shows the ground transmitting 
source output power requirements for meas- 
uring the 100-ft parabolic antenna as a func- 
ground antennas in c u r  r e n t  use (30-, 60-, 
and 85-ft d i a m e  t e r s) . Assumptions are a 
-100 dbm receiver sensitivity, 2 db system 
losses, and a 40 db d y n a m i c  range for the 
pattern recording. Since the satellite, at the 
120-degree longitude n e u t r a 1 stable point, 
would be wi th in  view of the JPL Goldstone 
facility, the power requirements with a 210- 
ft diameter ground antenna are also presented 
in Figure 5-30. None of the power require- 
ments shown are difficult to achieve if the 
transmitters are located on the grow@ any 
of these antennas could be used with suitable 
feed modifications to accommodate the test 
frequencies. 
100 1.000 10,000 tion of frequency for three common sizes of FREQUENCY (MliZ) 
Figure 5-30 
SCANNING TECHNIQUES FOR 
PATTERN DATA GENERATION 
(a) Conical @) Great Circle 
5 . 6 . 3  PATTERN SCANNING MANEUVERS. 
Considering the restrictions of mission time, 
data rates, hardware cost, propellant, and 
reaction control e n g i n e  life, the most pro- 
mising scanning techniques for space appli- 
cation are great circle and spiral scans (Fig- 
ure 5-31). 
The conical cut cannot be taken in space 
because of orbital motion. S c a nn i n g by a 
raster motion is eliminatedby excessive fuel 
requirements. A potential variation of the 
raster scan, which conserves propellant, is 
a nodding or oscillating scan generated by a 
soft spring interconnection between a large 
mass (such as  the CSM) and test antenna. 
(e) Nodding Scan 
Figure 5-31 
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The system becomes a mechanical oscillator 
when excited, developing a sinusoidal trace 
over the radiation sphere. 
Angular c h a n  g e s for pattern recordings 
are generated by two effects: orbital motion 
and spacecraft attitude changes i n  du  c e d by 
control devices. An independent attitude con- 
trol system is designed into the antenna ex- 
periment utilizing cold gas e ng i n  e s and an 
inertia wheel system. The angular momen- 
tum units are effective attitude control devices 
for pattern mapping at synchronous altitudes 
where steering r a t  e s are small. They are 
used in this experiment to g e n  e r a t  e a fine 
spiral trace about the antenna axis '(fl .5 deg) 
for boresight, focusing, and detailed main- 
lobe and sidelobe data. Combinations of RCS- 
induced spin rates and orbital motion are used 
Figure 5-32 
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Figure 5-33 
to generate a more coarse spiral trace over 
the radiation sphere. A n g u 1 a r momentum 
units are also used for most of the noise tem- 
perature measurements to c r e  a t  e the slow 
angular drift rates required. 
5.6.4 NOISE TEMPERATURE MEASURE- 
MENTS. Noise temperature measurements 
require more sensitive instmentation than 
the pattern measurements but are less tax- 
ing on the spacecraft attitude control system 
and measurement b i t  r a t  e since slow drift 
rates and small sampling rates are involved. 
Figure 5-32 illustrates the noise temperature 
measurement system. 
5.6.5 BIT RATE AND SIGNIFICANT DATA 
TIME. It is apparent that certain regions of 
the antenna radiation p a t  t e r n have greater 
significance in the rfperformance evaluation. 
Detailedpattern measurements over the main 
lobe an  d near-in-sidelobes will d e  f i n e the 
major portion of a n t e n n a  characteristics. 
Since this is a small portion of the radiation 
sphere , m a p p i n g can be accomplished in a 
relatively short time. Second in importance 
is the remaining portion of the pattern con- 
taining wide-angle sidelobe, backlobe, and 
reference pattern data for long term antenna 
degradation analysis. This data, however, 
takes considerable time to record in detailed 
sampling increments. Least in importance 
but again requiring a large experiment time 
i n c r em e n t is the cross-polarized pattern 
component. The partial directivity contribu- 
tion from t h i s component can be obtained, 
with a fair degree of accuracy, from a scale 
model test. 
Continuous measurement time required to 
complete a spiral scan over these'regions is 
shown in Figure 5-33 for the 100-foot para- 
bolic a n t e m  at synchronous altitude. 
Peak bit rate occurs w he  n the 1 GHz and 
6 GHz tests a r e  simultaneously b e i n  g per- 
formed, Table 5-2 outlines the measurements. 
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Table 5-2. Pattern and Gain Measurement 
Bit Rate (One RPM Rotational 
Rate) 
Sampling Bit 
Total Rate Rate 
Measurement Bits (samp. /see) (b/s) 
Two Angles 28 150 4200 
Two Amplitudes 14 34 476 
(1 GHz) 
(6 GHz) 
Two Amplitudes 14 150 2100 
Time 
Simultaneous Measurement 
Bit Rate, 1 and 6 GHz 
Measurement Bit Rate, 
6 GHz Only 
240 
7016 
6540 
5.6.6 ASTRONAUT PARTICIPATION - RF 
MEASUREMENTS. Presence of the astro- 
naut simplifies antenna measurement proce- 
dures, e 1 i m i n  a t e s redundant equipment 
requirements, a n d  enhances measurement 
reliability. His  p a r t i c i p a t i o n  in pattern 
measurement experimental activity includes: 
a. 
b. 
C. 
d. 
e. 
f .  
Calibration of electronic equipment by 
functional switche,s, amplitude control, 
and visual observation. 
Alignment a n d  periodic updating of t h e 
inertial measuring u n i  t f r o m  celestial 
observations. 
Checkout of rf instrumentation and spare 
unit installation. 
Manual feed d e  p 1 o y m e n t if automated 
mechanism fails, 
Make final feed a d j u s t m e n t  based on 
boresight pattern data. 
Monitoring data and log comments during 
experiment, 
g. 
h. 
i. 
j .  
k. 
1. 
m. 
5.7 
Boresighting optical trackers to mechan- 
ical pointing axis. 
Maneuvering spacecraft to point at sta- 
tionary and earth-based targets. 
Aligning p o i n t i n g  a x i s  to initial scan 
position a n  d realigning periodically as 
discrete angular p a t t e r n  sectors a re  
covered. 
Initiating and stopping scanning motions. 
Aiding in target acquisitionby monitoring 
amplitude of detected rf signals and by 
making visual observations. 
Initiating alternate measurement proce- 
dures if failures occur. 
Make final equipment checks and connec- 
tions for unmanned mode of operation. 
ASTRONAUT EQUIPMENT 
To perform the tasks outlined in Figure 5-34 
the astronaut will h a v e a command console 
in the feed-electronic compartment. He will 
use the laser surface measurement system, 
evaluate the surface contour and recommend- 
ed c o r r e c t i o  n , and decide what action to 
take. He will steer the a n t e n n a  to acquire 
the transmitter and monitor pattern meas- 
urements t h r o u g h o u t  the test. A i d e d  by 
ground control h e  will decide which sections 
of the patterns test s h ou  1 d be repeated. In 
the noise and pointing tests he will steer the 
OBSERVE DEPLOYMENT PROCESS 
INSPECTION. STRUCTURE. ELECTRONICS & POWER SYSTEMS 
REPAIR. TUBES, MESH, LASER & ELECTRONICS 
ADJUST TOLERANCE- MESH & FEED 
PERFORM MESH CONTOUR TEST 
PERFODM PATTERN MEASUREMENT 
PERFORM NOISE TEMPERATURE MEASUREMENT 
ACllUIRE GROUND TARGETS 
MAINTAIN STRUCTURE & ERUIPMENT 
SET ANTENNA I N  AUTOMATIC MODE 
OBSERYE AUTOMATIC RESPONSE 
Figure 5-34 
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antenna and initiate lockon to ground, satel- 
lite, and c e 1 e s t i a 1 targets. He will back- 
check t h e  attitude sensor e qu i  p m e n t with 
position fixes at critical acquisition phases. 
His  potential EVA t o o 1 s and spare parts 
are listed in Figure 5-35. A low r e a c t i on 
hand t o  r que gun will be used to make mesh 
corrections. C clamps have broad applica- 
tion to positioning material to make adjust- 
ments o r  repairs. Wire and coaxial splicers 
are needed i f  deployment or boost vibration 
should damage the lines coming from the per- 
pheral mounted equipment to the electronic 
compartment. Metal and mesh cutters could 
be used to release a damaged truss tube. Re- 
dundance of t h e  truss will allow any one of 
the s ix  elements in a hexagonal assembly to 
be removed without impairing the structural 
integrity of the antenna. A stadi optic could 
be u s e d to approximate distances and make 
measurements of the truss and mesh. Each 
of the ACS engine modules can be removed 
and anew module pluggedin. The laser sys- 
tem will have a spare. The laser mounts on 
a h a t  c h in  t h e  electronic compartment and 
can be removed for repair or replacement. 
Power and coaxial line replacements may be 
stored onthe side of the electronic compart- 
ment. A telescopic t u  bu 1 a r element spare 
can be used to replace any damaged tubes or  
as a test of EVA dexterity in a simulated re- 
pair. T e s t s  made on the m e s h  show that 
Velvco tape is ideal for joining a damaged 
area. If surfaces were marred during boost 
or  deployment, the thermal coating would be 
repaired with either spray o r  tape during the 
EVA inspection. A lubrication would be use- 
ful for the tube and feed h i n  g e s and the ad- 
justment system. 
Simulation of t h e feed/ electronic com- 
partment and a EVA simulator on a hexagonal 
element of the reflector are needed to  deter- 
mine the feasibility of various crew tasks. 
Once thetasks are established, mockups will 
be used for training. 
HAND TORQUE ATC PLUG-IN 
6-CLAMPS 
WIRE SPLICER 
COAX.SPLICER 
VOLTMETER 
METAL & MESH CUTTER 
POWER SAW 
WRENCH SOCKET 
SCREW OR IVER 
STAOl CALIBRATED OPTIC 
LASER MEASUREMENT UNIT 
POWER LINE 
COAX.LINE 
TUBULAR ELEMENT 13 & 9 FT. 
(VARIABLE SIZE) 
VELCO TAPE(MESH) 
THERMAL COATING 
(SPRAY & TAPE) 
LUBRICATOR 
Figure 5-35 
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5 . 8  WEIGHT SUMMARY 
Figure 5-36 contains the weight summary of 
a 100-ft-diameter antenna experiment. All  
systems are sized for a life of two years. 
Ample payload is available for a CSM/anten- 
na 1 a u n c h with the Saturn V to synchronous 
orbit. 
5 .9  FABRICATION AND TEST 
Figure 5-37 i 11 u s t r a t  e s the proposed se- 
quence. Four basic items - reflector, feed 
support, feed and electronic compartment, 
and the boost and transportation pallet - are 
fabricated. Upon c o m p 1 e t  i o  n of the basic 
t r u s s of the reflector and feed, the antenna 
will be assembled in the packaged condition. 
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Figure 5-37 
A fit c h e c k  will b e  made in the p a l l e t .  A 
negator spring system will ride a trolley rail 
c a r r y i ng the weight of each spider section 
to s i m u l a t e  zero gravity during deploy- 
ment. The deployed antenna will then be vi- 
Figure 5-38 
bratedto determine the primary modes. Dis- 
assembly and installation of the mesh on the 
reflector and equipment in the compartment 
follow. A separate packaging and deployment 
of the reflector will check out the system with 
the mesh on. The re-packaged complete as- 
sembly will then be vibrated to boost loading 
condition and the full flight sequence simu- 
lated. R F  testing will be p e r f o r m e d  on a 
scale an tenna .  A 30 to 50 mile test range 
would be required for the full size antenna. 
A similar sequence of operations will  be re- 
quired on the flight antenna. Figure 5-38 il- 
l u s t r a t e s the fabrication jig. The zero-g 
trolley system will be on a spider web net- 
work above the antenna. Temperature con- 
trol of f2'F is desirable to prevent tolerance 
buildup. 
A summary of ground testing is shown in 
Figure 5-39. 
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COMPONENT 0 m a  
SUBASSEMBLY m a  m m m  
m e a  
PROTOTYPE e m  m m 
FLIGHT m 0 m m 
SYSTEM * 0 m .  
ARTICLE 
Figure 5-39 
O f I A l l  OLSIGN - 
OPERAIIONAl SLOUENCE  
1 0 0 L I N 6  OESlGN I 
TOOLING FABRICAIION 
F l C l l l I l  CORSIRUCIION 
T I B R I C A I L  P R O I O I I P E  
I E S I  PROTOIWE 
OPIIM12E OLSIGN 
FLIGHT OES16N 
OPLRAIIONAL SEOUENCE 
F116HI FABRICATION I A S S f M B L l  
CREW TRAINING L SIUULAIION 
P U A L l F l W I l O N  I E S I  
SHIP IO KSC 
Figure 5-40 
._ .._ . 
AGEATE 1.36 
FACILITIES 0.50 
TOTAL SYSTEM COS1 m r  
RECURRlNG (UNIT COST) 1l.29 
10 
3 MlLLlOn 
Figure 5-41 
5.10 COST AND SCHEDULE 
A schedule of the major tasks is given in Fig- 
ure 5-40. Fabrication +d test of the proto- 
type will be followed by a short design opti- 
mization period before fabrication and quali- 
fication of the flight experiment Prototype 
t e s t i n g  will be c o m p l e t e d  in 21 months. 
Launch of the experiment can take p 1 a c e 34 
months from go-ahead. 
Cost of the complete experiment, includ- 
ing development, ground and training equip- 
ment, prototype fabrication and test, and one 
flight article, would be $27.3 million. Fig- 
ure 5-41 outlines the fiscal funding require- 
ments. 
5.11  DEVELOPMENT TASKS 
Primary development tasks that require more 
effort are itemized in Figure 5-42. 
The laser measurement unit is within the 
state of  a r t of laser technology but has not 
previously been assembled to p e r f o r m the 
proposed measurement task. Development 
may be divided into three parts: laser sys- 
tem, scanning system, and software printout 
s y s t e m .  Figure 5-43 shows a t e n t a t i v e  
schedule. 
LASER MEASURING UNIT 
SLOW DEPLOYMENT SYSTEM 
MESH MATERIAL PROPERTIES & 
FABRICATION TECHNIQUES 
THERMAL GRADIENTS OF TUBES 
EVA TASK SIMULATION & DESIGN 
INTEGRATION 
Figure 5-42 
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Fabrication of a full scale element of the 
mesh with the adjustment system would sub- 
stantiate the d e  s i g n concept and  w o r k out 
'fbugsfl be  f o r e  full scale fabrication is at- 
tempted. Thermal cycling in vacuum of the 
mesh is n e  e d e  d to test the mesh coatings. 
General physical properties a 1 s o need to be 
verified at the operating environment. 
Thermal g r a d i e n t s through the tubular 
structure and mesh at various sun angles need 
Figure 5-43 
distribution around perforated t u b  e s should 
be tested in a vacuum chamber. 
EVA t a s k simulation in underwater tests 
is required to p r o v i d e early information. 
Slow deployment is f e a s i b 1 e but details Operations in the pressurized feed compart- 
must be worked out. Many schemes of con- ment must also be simulated to better deter- 
trolling deployment have been suggested. The mine required e qu i p m e n  t and time task 
best of these concepts must be evaluated and allotments. Figure 5-43 illustrates the devel- 
tests made on the available model to demon- opment and t r a in  in  g period for the crew 
strate the design. simulators. 
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